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“DON’T PLAY 
BLIND MAN’S BLUFF 
WITH CHLORINE GAS! 


-Vision Vacuum Feed = SAFETY 


Put personnel and plant protection first when 
selecting chlorine gas feeders. Safety records 
achieved since the development of the visual 
vacuum design prove this type of feeder to be 
one of the greatest advances ever made in han- 
dling chlorine gas. The Builders Model DVS 
Chlorinizer gives visual proof of operation and 
positive evidence of effective vacuum by means 
See Actual of “see-thru” components. To provide an even 
Performance ! greater margin of safety, these components 
operate on the shortest gas flow path offered by 
any manufacturer . . . protected by automatic 
safety devices 

In addition to these safety plus features, the 
Model DVS is low in initial cost . . . accurate 
within +4 ... offers a 10 to 1 metering range 
. is not subject to chlorine “ice” problems nor 
tray odors. This Chlorinizer is easy to install .. . 
requires minimum maintenance .. . is readily 
adapted to any mode of control . . . and is fully 
See Actual backed by Builders money-back performance 
Ges Flow Rate! guarantee!! Request Bulletin 840-N10. 
Builders-Providence, Inc., 368 Harris Ave., 

Providence 1, R. I. 


© BUILDERS-PROVIDENCE 
B-I-F INDUSTRIES 
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SEWAGE AND INDUSTRIAL WASTES 


*& Tresemert of Chicage Pump Compory 


ELECTRODE FLOATLESS PUMP CONTROLLER 


A new and valuable accessory for Sewage And Drainage 
Sump Pumps... exclusively available with Chicago” Pumps. 


The SEALTRODE* Sealed Electrode Floatless Pump Con- 
troller has every advantage of other floatless controllers, plus 
these advantages of being sealed: 


* Electrodes never become insulated and coated with 
grease, oil or soap 


* Electrodes ore never affected by corrosive elements in 
sewage and drainage water 


* No moving ports in liquid 


* Low original cost... eliminates need for duplex float 
switches ond float guide pipes. 


* Low mointenonce cost 


TYPICAL 
PUMP 
APPLICATIONS 


SEWAGE 
PUMP 


SUMP 
PUMP 


PATENT Ne. 2,797,702 


Write direct, or contact Chicago Pump Company Distributors 
located in most principal cities, for bulletins and complete 
engineering data. 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 
Chicago Pump Company 


G22 DIVERSEY PARKWAY + CHICAGO 14, ILLINOIS 


Copyright 1958—Chicago Pump Company 
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SEWAGE AND INDUSTRIAL WASTES® 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, collec- 
tion, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and management 
of such works. The Journal was known as Sewage Works Journal until January 1950 

EDITORIAL AND EXECUTIVE OFFICES: 4435 Wisconsin Ave., N.W., Washington 16, D. C. Send all 
manuscripts, advertising copy, subscriptions, address changes, etc., to this address 

PUBLICATION OFFICE: Prince and Lemon Sts., Lancaster, Pa 

SUBSCRIPTION RATES: Members of local sewage works associations affiliated with the Federation, $5.00 per 
year. Non-members: U. S. and Canada, $7.50 per year ther countries, $9.00 (Foreign subscriptions must be 
accompanied by International Money Order.) Single copies: United States $1.00 each; Foreign, $1.25 each 
CLAIMS: No claims will be allowed for copies of Journals lost in the mails unless such claims are received within 
sixty (60) days of the date of issue and no claims will be allowed for issues lost as sult of insufficient notice of 
change of address Missing from files’’ cannot be accepted as the reason for honoring « mn 


MAILING PERMIT: Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under 


the Act of March 3, 1879. Additional entry at Washing D. ¢ Accepted for mailing at the special rate of 
postage provided for in the Act of February 28, 1925, embodied in paragraph (d-2), Section 34.40, P. L. & R. of 
1948, authorized October 4, 1945 


REFERENCE SERVICE: Sewage and Industrial Wastes is indexed regularly by /ndustrial Arts Index and Engi- 
neering Index. Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. 
This service is limited to regular subscribers only 


Library of Congress Catalogue Card Number: 42-19992 
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Harrisburg, Pa., joins the list of communities that use 
the C-E Raymond System for sewage sludge disposal 


The new $7.4-million primary sewage treat- 
ment project at Harrisburg, designed by Gan- 
nett Fleming Corddry and Carpenter, Inc., and 
being financed and constructed by The Harris- 
burg Sewerage Authority, will serve an equiva- 
lent population of 175,000. It will have an 
average influent capacity of 27 mgd, and a 
peak capacity of 60 mgd. 

The C-E Raymond Flash Drying and In- 
cineration System here will reduce filter cake 
to a uniform product, having a total moisture 
content of only 10 per cent. Included in this 
system will be C-E’s high temperature De- 
odorizing Preheater to remove annoying odors, 
and a centrifugal collector to eliminate fly ash. 


COMBUSTION 
ENGINEERING 


RAYMOND DIVISION C-170A 
1315 North Branch Street, Chicago 22, Iilinois 
Eastern Office: 200 Madison Avenue, New York 16, N.Y. 


Western Office: 510 West Sixth Street, Los Angeles 14, Calif. 


The dried product will be bagged for use as 
soil conditioner and sold locally. In addition, 
it can be used on the city’s lawns, parks and 
golf courses. Surplus sludge can be completely 
burned in the C-E Raymond System incinera- 
tor, resulting in a clinker-free sterile ash. 

It is for good reason that communities 
throughout the country are choosing C-E Ray- 
mond—the only system that permits flash dry- 
ing and incinerating, separately or together, in 
any proportion. Contact your nearest C-E 
office to learn how this system can aid your 
community. We will be happy to discuss your 
needs with you or your consultants. No obliga- 
tion, of course. 
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For further details on the C-E Raymond 
System—and dota on more thon 40 
installations—mail this coupon to 
Combustion Engineering, Raymond Division, 
200 Madison Avenue, New York 16, N.Y. 


Name__ 
Tithe_ 
Address. 
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FSIWA MEMBER 


Alabama Water and Sewage Assn.* 
E FINNELL, JR., Act.-Se Univ. of Alabama, 
University, Ala 


Arizona Sewage and Water Works Assn.* 
Stanrorp I, Rotu, Sec.-Treas., 813 Jefferson St., 
Phoenix, Ariz 


Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorn, Sec.-Treas., University of Ar- 
kansas, Fayetteville, Ark 

California Sewage and Industrial Wastes Assn. 
LFRED [D. Lerpzic, 12000 Vista Del Mar, Venice 
Calit 

Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 

Central States Sewage and Industrial Wastes 

Assn 

Scott A. Linsey, Sec.-Treas., P. O. Box 3598, 
Childs Rd., St. Paul, Minn 

Dakota Water and Sewage Works Conf. 


North Dakota Section* 
W. Van Hevuveten, Sec.-Treas., ¢ 
Health, Bismarck, N. Dak 

South Dakota Section* 
Don C. Katpa, Sec.-Treas., c/o Div 
tary Engineering, State Board of Health, Pierre, 
S. Dak 


» State Dept. of 
of Sani- 


Federal Sewage Research Assn. 
Hortye, Sec.-Treas., Public Health Service, 
tm. 4123, South HEW Bldg., Washington 25, 


Florida Sewage and Industrial Wastes Assen. 
RatpH H. Baker, Jr., Sec.-Treas., State Board 
{ Health, P. O. Box 210, Jacksonville 1, Fla 
Georgia Water and Sewage Assn.* 
4. T. Storey, Sec.-Tre 1210 Hemphill Ave., 


N.W Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
Ort ALLASCH, Sec.-Treas., Theaterstrasse 24, 
B Germar 
Institute of Sewage Purification 
W 4 Snook. Se 10, Cromwell Place, South 
Kensingtor 7, England 
Institution of Public Health Engineers 
RNEST V. Batsom, Se 118 Victoria St., West- 
inster, S. W. 1, London, England 
lowa Sewage and Industrial Wastes Asan. 
L Sec.-Treas., 207 South 15th 
Ave 
Israel Assn. of Sewage Engineers 
ER Batasua, Sec., c/o Technion, Israel In- 
logy, P. O. Box 4910, Haifa, 


Kansas Sewage and Industrial Wastes Assn. 


James F. Arken, Sec.-Treas ast 9th St 


Wichita, Ka 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S is s., 602 Cordell Hull 
Bidg., Nashville 3 nr 
Louisiana Conference on Water Supply and 
Sewerage 
Georce H. West, Sec.-Treas., P.O. Box 15, Water 
Dept., Lake Charles, La 


Maryland-Delaware Water and Sewage Asen.* 
W. M. Bin ¥, Sec.-Treas., 2411 N. Charles St., 


Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assen. 
D. M. Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin. Bidg., Lansing 4, Mich 

Mississippi Sewage and Industrial Wastes 

Assn. 
Newt G. McMaunon, Sec.-Treas., 
Board of Health, Jackson, Miss 
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Mississippi State 


* Sewage and Industrial Wastes Section. 


ASSOCIATIONS 


Missouri Water and Sewerage Conf.* 
WARREN Kramer, Se Treas., M Water & Sew- 
erage Conf., 400 State Office Bldg., Jefferson City 
M 

Montana Sewage and Industrial Wastes Asan. 
A. W. Crarxson, Sec.-Treas., Div Environ- 
mental Sanitation, State Board of Health, Helena, 
Mont 

Nebraska Sewage and Industrial Wastes Asan. 
\ I NBERG, S Treas., 2549 Farnam St 


Omaha 31, Nebr 


New England Sewage and Industrial Wastes 
Asean, 
Eart R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn 
New Jersey Sewage and Industrial Wastes 
Assn. 
ANTHONY T. Leaney, Sec.-Treas., P. O. Box 
West Trent N. J 
New York Sewage and Industrial Wastes Asan. 
C. Sweeney State Dept. of 
Health, 55 Chur hite Plai 
New Zealand Sewage and Industrial Wastes 


ec., Auckland Metropolitan 
P. O. Box 208, Auckland C. 1, 


Nerth Carolina Sewage and Industrial Waste 


Y. Brannock, Sec.-Treas., Water and Sewage 
Pit., 1703 Woodland Ave., Burlington, N. C 
Ohio Sewage and Industrial Wastes Treatment 
Conf 
Sec.-Tre Div 
101 N. High St 


CRANE Sec.-Treas., 3400 Northeastern 
ma City 5, Okla 
Pacific Northwest Sewage and Industrial 
Wastes Assn 
Grtpert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 
Pennsylvania Sewage and Industrial Wastes 
Asan 
J. R. Harvey, Sec.-Treas., « Pennsylvania Dept 
Health 6 So. Main St., Meadville, Pa 
Puerto Rico Water and Sewage Works Asan. 
Rosert J. Auto, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 
Rocky Mountain Sewage and Industrial Wastes 
Assn 
VERN PratH, Sec.-Treas., O. Box 149 


Englewood, Col 


Seuth Carolina Water and Sewage Works 
Assn.* 
I MA NDERS 
Ener State 
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Treas., Di 
Health, Wade Hamptor 


(Sweden) Fireningen Fir Vattenhygien 
Erxtx Jonsson, Sec., Box 5038, Stockholm 5, 
Sweder 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Prerre Se 


itzerlar 


Hegemmatt 28, Zurich 


Texas Water and Sewage Works Asen.* 
Sec.-Treas., 2202 Indian Trail 
Austin, Tex 

Utah Sewage and Industrial Wastes Asen. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 

Virginia Industrial Wastes and Sewage Works 

Assn. 

Orvat J. Hann, Sec.-Treas., Hercules Powder Co 
H pewell, Va 

West Virginia Sewage and Industrial Wastes 
san. 
Gien O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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Selecting the correct device is simply a matter of 
choosing the one that best meets your require- 
ments. The wide variety of Simplex Primary 
Elements makes this selection easy. 

This table shows you which of Simplex’s stand- 
ard elements performs best under various flow 
conditions. ( Not shown are Simplex primary de- 
vices of steel or concrete, designed to meet the 
+i physical limitations on special jobs.) 


SIMPLEX VENTURI TUBES produce a minimum 
head loss—returning 85% to 90% of the differen- 
tial head developed for meter operation. Since 
pressure differentials are measured between the 


FLOW CONDITION 


How to select the 
right flow-measuring device 


main and throat sections, the tubes are smooth, 
true in shape and of accurate diameters to pro- 
duce a stable coefficient of discharge. This gives 
you accuracy over wide flow ranges . . . accuracy 
within +0.3% if required. 

Write for Technical Bulletins. Simplex Valve 


& Meter Co., Dept. SI-9, 7 East Orange Street, 
Lancaster, Pa. 


SIMPLEX* 


VALVE AND METER COMPANY 
A subsidiary of PFAUDLER PERMUTIT INC. 


VENTUR! TUBES FLUMES METERS - GavcEs 
TRANSMITTERS CONTROLLERS TASLES AIR VALVES 


SOLUTION 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE VT—STANDARD VENTURI TUBES 


Cast iron with bronze bushed main piezom- 
eter holes and bronze throat liner. Flanged, 
bell or spigot ends. Inspection opening at 
throat. Special metals for high pressures 
or caustic liquors, corrosive gases, brines, 
etc. BULLETIN 005 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE TG—INSERT TUBES AND NOZZLES 


Withstand high pressures. Fit inside exist- 
ing lines . .. permitting light construction. 
This, plus short length, cuts costs. 


BULLETIN 100 


SMALL FLOWS 
OF WATER, GASES 
CORROSIVE FLUIDS 


TYPE TF—MINIATURE VENTURI TUBES 


Machining to .0005” assures accuracy. Main 
diameters as low as %”; throat diameters 
down to .1”. Welded stainless steel models 
for high pressures. BROCHURE 


NORMAL 
SEWAGE, SLUDGE 
TRADE WASTES 


TYPE VTJ—SINGLE TAP VENTURI TUBES 


Single taps at main and throat have bayo- 
net-type valve for fast cleaning. Absence of 
pressure belts prevents clogging. Inspection 
opening at throat. BULLETIN 005 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VS—FOUR TAP VENTURI TUBES 


Four cleaning valves at main and throat 
can be operated manually, by air, or hy- 
draulically to keep piezometer holes clear 
for top accuracy. Two hand holes on each 
pressure belt and inspection opening at 
throat. BULLETIN 005 


LOW-VELOCITY 
SEWAGE 
HEAVY WASTES 


TYPE VE—ELLIPTICAL VENTURI TUBES 


Developed specifically to accurately meas- 
ure low-velocity sewage, sludge and heavy 
trade wastes—under low pressures. Flat top 
prevents air binding. Flat bottom is self- 
scouring. Inspection opening at throat. 


BROCHURE 


LOW-HEAD 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE S—PARABOLIC FLUMES 


Full 20:1 range for open flows. Accuracy 
+2’. Flanged, bell or spigot inlet for 6 to 
56” lines. Integral sediment trap, piezom- 
eter reamer, gauge glass, direct-reading 
flow scale. BULLETIN 801 
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MEMBER ASSOCIATION MEETINGS 


Association Place 


Rocky Mountain Sewage and Industrial ( 


osmopolitan Hotel 
Wastes Assn. 


Deny er, Colo. 


South Dakota Water and Sewage Works Conf. Franklin Hotel 


Deadwood, 8S. Dak. 


Kentucky-Tennessee Industrial Wastes and Hotel Peabody 
sewage Works Assn. 


Memphis, Tenn. 


Oklahoma Water, Sewage and Industrial 


Oklahoma State Univ. 
Wastes Conf. 


Industrial Wastes Conf. Stillwater, Okla. 
Pacific Northwest 
Wastes Assn 


Sewage and Industrial Davenport Hotel 


Spokane, Wash. 
Missouri Water 


and Sewerage Conf. Hotel Governor 


Jefferson City, Mo. 


North Dakota Water and Sewage Works Ray Hotel 
Conf. 


Dickenson, N. Dak. 


THIRTY-FIRST ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Michigan Sewage and Industrial Wastes Association 
Sheraton-Cadillac Hotel, Detroit, Michigan 


October 6-9, 1958 


Florida Sewage and Industrial Wastes Assn. Golden Gate Hotel 


N. Miami Beach, Fla. 
Canadian Institute 


on Sewage and Sanitation Chateau Frontenac 


Quebec City, Que., Can. 
West Virginia Sewage and Industrial Wastes Daniel Boone Hotel 
Charleston, W. Va. 


Assn. 


New England Sewage and Industrial Statler Hilton Hotel 
Wastes Assn 


Hartford, Conn. 
ind Industrial Wastes Assn. Lincoln Hotel 
Lincoln, Nebr. 


North Carolina Sewage and Industrial 


Hotel O’Henr 
W aste Assn. 


Greensboro, N. C., 
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Time 
Sept. 15-17, 1958 
7 
Sept. 17-19, 1958 
Naas Sept. 24-25, 1958 
Sept. 25-27, 1958 
ae Sept. 28-30, 1958 
let Q5 
Oct. 19-22, 1958 
Oct. 19-22, 1958 
Oct. 22-23, 1958 
ee Nov. 5—6, 1958 
Boat Nebraska Sewage Nov. 6-7, 1958 
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... for faster, more complete 
COMMINUTION OF SEWAGE SOLIDS! 


Proved in field operations, this improved 
screen and comminutor will out-per- 
form and outlast any other equipment 
of its type on the market 


Most materials are handled in a single 
pass. Rollers at the bottom of a curved 
bar screen intercept heavy solids—lighter 
ones are raked down automatically. Any 
over-size comminuted solids are auto- 
matically rescreened and returned to the 
comminuting rollers until reduced to a 
size that permits passage through the 
screen 


No matter what the load may be, the 
unit operates continuously without harm 
to the mechanism, because of its rugged 


construction and safety devices incor- 
porated in its design. 


The “ROTAGRATOR™ screen and com- 
minutor is a completely packaged unit 
ready for simple and easy installation. 
A full range of sizes is available. For 
complete information write today for 
Bulletin $150-A. 


Over 60 years of 
engineering leadership 


Field offices throughout the 
United States and in foreign countries. 


The ONLY Company IMPARTIALLY offering equipment for ALL types of water and waste processing— coagulation, 
precipitation, di filtration, ion hange and biological tr peer) 
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ANY PIPE CAN PROMISE... — 


M50 YEARS YOUNG! This 36 
Cast Iron Pipe feeder main was in- 
stolied in 1907. Taken up in 1954 
becouse of relocotion project, it wos 
relaid in 1956 for a bypass line 
round new highway interchange 


@ Close-up of section of above 
pipe 1,958 feet of which was cleaned 
ond reused 
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What other pipe offers you 
LONG LIFE + STRENGTH 


+ HIGH FLOW CAPACITY ? 


w 


o 


Don't doubt when you 
buy pipe-specity cast 
iron and be sure of... 


LONG LIFE. 

42 North American cities ore still using 
cast iron woter moins laid 100 years 
ond more ago. Hundreds more hove 
possed the 50 yeor mark 

BEAM STRENGTH 

Cast Iron Pipe is inherently tough . 
stends up under heovy traffic load, 
so'!l displacement and disturbance 
HIGH FLOW CAPACITY 

Cement lined cast iron pipe and fit- 
tings will not tuberculate delivers 
o full flow for the life of the pipe 
EXTERNAL LOAD RESISTANCE 

6" Class 150 Pipe withstands o crush- 
ing load of 17,900 pounds per foot 
nearly 9 tons 

CORROSION RESISTANCE 

Cast tron Pipe effectively resists cor- 


rosion vital factor in its long life 
ond dependability 
TIGHT JOINTS 


A full range of leak-proof, low cost, 
easy-to-cssembie joints for pipe and 
fittings are available for all conditions 


You've read and heard thousands of 
words —all selling pipe. 
But make no final choice before you ask this 
simple question: What pipe offers you not 
one, not two but all the factors that spell long, 
trouble-free life and dependability. 
The answer is... cast iron pipe. Performance 
made it . . . and performance keeps it. . . 


America’s No. 1 Water Carrier. 


Its service record proves it! 


THE MAN WHO CHOOSES 
CAST IRON PIPE TODAY 
WON'T PAY FOR IT AGAIN 
TOMORROW ! 


Cost trom Pipe Research Association 
Theos. F. Wolfe, Managing Director 
Suite 3440, Prudential Pleze, Chicago 1, 


FOR MODERN WATER WORKS 


330a 
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Plant superintendent: Louis P. Bourdon. 
Consulting engineers: Consoer, Townsend & Asso- 
ciates, Chicago. 


One mechanically cleaned screen channel, 
wide x 15’ channe! depth—equipped with one Rex 
Front-Cleaned Bar Screen 

Three chain and bucket grit channels, 9'4’ wide x 
50’ long—equipped with Rex Chain and Bucket 
Grit Collectors 

Eight preaeration tanks, each 14’ x 40’ x 9'4’— 
equipped with Rex Conveyor Sludge Collectors. 
Eight primary settling tanks, each 40’ x 119 x 914’ 
—equipped with Rex Conveyor Sludge Collectors. 
Three final settling tanks, 112" diameter x 15’ 
deep—equipped with Rex Tow-Bro Sludge Re- 
movers. 


The South Bend, Indiana, sewage treat- 
ment plant is a model plant design and 
operation. This plant, which recently 
went into operation, is designed to func- 
tion both as a conventional activated 
sludge and a split activated sludge treat- 
ment plant. It processes an average daily 
flow of 48 m.g.d. Optimum flexibility in 
treatment and operation was designed 
into this plant which can partially treat a 
peak flow to 80 m.g.d. To assure transla- 
tion of design efficiencies into actual per- 
formance... provide maximum operating 
economy, CHAIN Belt’s modern waste 
treatment equipment was installed in 
both the primary and secondary treat- 
ment stages. 


A Rex Front-Cleaned Bar Screen and 
Rex Grit Collectors provide effective re- 
moval of large and inorganic solids. 


Rex Conveyor Sludge Collectors in the 
preaeration and primary settling tanks 
assure efficient treatment, 
and positive sludge and scum removal. 
Rex Tow-Bro Sludge Removers in the 
final sedimentation tanks provide the 
positive, gentle sludge removal so im- 
portant in handiing the light, “tricky” 
sludges encountered in the conventional 
and split activated sludge treatment proc- 
esses. 


preliminary 


Modern, performance-proved CHAIN 
Belt equipment and the broad experience 
of CHAIN Belt engineers provide the 
right combination for most effective re- 
sults and maximum operating economies. 
For information on the complete line of 
Rex Sanitation Equipment, write CHAIN 
Belt Company, 4606 W. Greenfield Ave., 
Milwaukee 1, Wisconsin. 
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IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 


required. 


1OWA SHEAR GATES—either all iron 


or iron, 


bronze mounted. Gate-seating 


wedges bolted on, permitting replacement 
without replacing frame. 


| VALVE COMPANY 


For 45 years a reliable source for 
precision engineered products 


CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
tubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


IOWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Waite Topay for Nitinatane, 


1OWA FLAP VALVES—ail 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
— including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 


able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 
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NOW! from General Chemical... 


Helpful New 32-Page Data Book on ALUM 


Every user of aluminum sulfate 


should have this important new 
technical bulletin! Prepared by 
General Chemical, America’s fore- 
most Alum producer, this fact-filled 
book contains carefully selected 
data which Alum consumers need 
most often and find most helpful. 

Having special emphasis on liquid 
Alum, it provides authoritative in- 
formation on: 


Basic Chemicals 
for American 


Industry 


physical properties 

“ storage and handling 

“ methods of analysis 
Included are many valuable tables 

and graphs covering viscosity, pH, 

freezing point curves, Baumé tables 

and temperature corrections for 

liquid Alum solutions, conversion 

charts, 
Please 


when you write for your free copy. 


use company letterhead 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, 
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Curbing pollution of Biscayne 


LINK-BELT equipment mechanizes 
sludge collection and disposal 
at new sewage treatment plant 


area—crimping such activi- 
ties as swimming ating, water skiing and fishing. 
Miami h this threat to its tourist economy with 
constrt 27,000,000 sew age disposal project. 
Inside and out, Miami's new activated sludge treat- 
ment plant utiliz a ry engineering equipment by 
Link-Belt. A system of grit collectors with conveying 
screws and sludge collectors assists in low-cost treatment 
of sewage. Link-Belt bucket elevators carry liquid sludge 
to filters and belt eyo! team up for efficient 
handling of the dewatered sludge. And Link-Belt Gear- 
nd P.LV. drives provide dependable power 

ssion for such equipment 
nk-Belt’s complete line of equipment and broad en- 
lw experience assure economical, effective water, 


eatment for municipalities and in- 


lustries throughout the nation. A call to your nearest 


Link-Belt office will put you in touch with sanitary en- 


gineers who will work with your consultants and chemists. 
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(NTERCEPTING SEWERS 
FORCE MAINS 
© PUMPING STATIONS 


COMPLETE CONTROL PROJECT provides 
interceptors, force mains and deep out- 
fall line to deliver sewage to the Virginia 
Key activated sludge plant and to dis- 
charge plant effluent 4,600 feet out into the 
ocean. Design engineers were Rader En- 
gineering Associates, Metcalf & Eddy and 
Maurice H. Connell and Associates, Inc. 


BY THE DOZEN — Here is just one of 
twelve Link-Belt Straightline sludge col- 
lectors operating in primary settling tanks 
at Miami's new plant. Sixteen Link-Belt 
Gearmotors drive sludge collectors and 
cross conveyors. 


% 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. Sanitary Engineering Regional Offices—Colmar, Pa., Chicago 9, Kansas City 8, Mo., 
San Francisco 24. Sales Offices in All Principal Cities. Export Ofhice, New York 7. Representatives Throughout the World 4.98 


See our exhibit—Federation of Sewage and Industrial Wastes Association, October 5-9, Detroit, Michigan. 


Coy 
Miami's recent, rapid growth has multiplied the pollution df ay sak 
Te ~ MIAMI 
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INCRUSTATION 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 


National knows how to clean the difficult jobs, including 
hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 


National knows how to clean long runs with a minimum 
number of pipe entries. 


National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 


National knows how to clean so thoroughly that restoration 
of 95% of the original pipe capacity is guaranteed. 


National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


> 


BATIONAL water main CLEANING COMPANY 
” 50 Church Street - New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building * BERKELEY, CALIF., 920 Grayson Street * 
BOSTON 15, MASS., 115 Peterboro Street * CHARLOTTE, N. C., 533 Hollis Road * 
CHICAGO, ILL., 8 So. Dearborn Street * DECATUR, GA., P. O. Box 385 * EL MONTE, 
CALIF., 2024 Merced Avenue * FLANDEAU, S. D., 315 N. Crescent Street * KANSAS 
CITY, MO. 3707 Madison Avenue * MINNEAPOLIS, MINN. 200 Lumber Exchange 
Building * OMAHA, NEBR., 510 Standard Oil Bldg. * RICHMOND 21, VA., 2910 W. Clay 
Street * SALT LAKE CITY, UTAH, 502 West 3rd Street * SIGNAL MOUNTAIN, TENN., 
204 Slayton Street * VILLA PARK, ILL., 424 S. Yale Avenue * MONTREAL, CANADA, 
7445 Chester Avenue * WINNIPEG, MANITOBA, 576 Wall Street * BOGOTA, COLOM- 
BIA, Apartado de Correos #5 * SAN JUAN 10, PUERTO RICO, Manquinaria, Apartado 
2184 * LIMA, PERU, Bolivar 441-A, Marafi * CARACAS, VENEZUELA, Apartado 561 °* 
HAVANA, CUBA, P. O. Box 531 « OSLO, NORWAY, Radhusgaten 30 
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standord projects mone 


orthington’s vast reservoir of Public 


In Public Works there is no adequate sul on eng M put in at Philadelphia 


Stitute for experience. Worthington’ ex ylvania in 1908. Now the list is 

perience in this essential field dates bac! st endless is hardly a munici 
to 1854 when the company’s founder ii pality in the United States today that does 
stalled his first municipal water works t have a Worthington pump, compres 
pumps at Savannah, Georgia. Others soon engi rr comminutor in service. This 
followed. A duplex pump was installed vast, ( ulative experience and know-how 
Charlestown, Massachusetts in 1863 proves invaluable year vear-out to com 
Pumping engines were installed in munities in search of the very finest in 


Worth, Texas in 1893. Twelve triple-expan service and equipment 
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PETE CARDILLO 


TUMAN 
irrigation. flood 
wer 
wote orks contre!, drainage 
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NATION-WIDE EXPERIENCE 


m makes a 
cialized 


REGIONAL REPRESENTATION 
age works. These 


Offices ans 
water and t t 
are Worthington fornia, fr Canad 
reducts and the vear they were ur th 
g scores of duced. Pumps (1840), Compressors 
Engines (1896). and Comminu 


selection 


Staffed 
phase of 
tors 


your 
possi equipment 
application 


Rey personnel in Worthington's Public Works Department have a combined : 
# 
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WORTHINGTON 


THE 4 BASIC SERVICES 


PLANNING Worthington experts will assist your con 
sulting engineers in planning water and sewage 
plants. This coordinated planning care is why so many 


Worthington users report such long. outstandingly 


trouble-free operations 


EQUIPMENT SELECTION Because Worthington 
designs and manufactures a complete line of equip- 
ment, a Public Works Representative can make a sub 
stantial contribution to the operation of every plant 
Using Worthington equipment limits your supply re- 
sponsibility —- makes for greater plant efficiency and 
integration 


For illustrated brochure on Worthington'’s Public Works Depart- 
ment, or address of your nearest Worthington District Office, write 
Worthington Corporation, Section 105-3, Harrison 


of Worthington’s Public Works Department 


EQUIPMENT COORDINATION Every municipality 
is different. No two systems are alike. That's why 
equipment must be versatile and coordinated. Because 
Worthing 


on makes so wide a range of equipment, the 


most con 


roblems are quickly solved without 
compromising eflectiveness of the system in any way 


INSTALLATION Public Works specialists are few and 
far between. Worthington is fortunate in having so 
many on its staff. They will work with your consulting 
or contracting engineer in solving installation prob- 
lems of equipment. It’s the soundest way to build 
dependability in your systems 


New Jersey 
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SEWAGE AND INDUSTRIAL WASTES 


a) 
ATERIALS IN MOTION (iis 


POSITIVE CONTROL OFM 


REDUCE PUMPING and 
TRANSMISSION COSTS! 


Builders Dall Flow Tube Cuts Head Loss 90% 
. provides Maximum Power Savings! 


Dall Flow Tubes offer unsurpassed pressure recovery... greatly 
reduced pumping costs over extended periods... plus adequate line 
pressure at distant points. Annual pump power savings can be approxi- 
mated by entering chart at bottom (at desired line size) .. . tracing 
vertically to sloping flow line (maximum capacity) ...and reading 
actual dollar savings directly opposite this intersection at right of chart. 


In addition, the low-priced, performance-proved Dall Flow Tube cuts 
initial, installation, and operating costs... and provides a constant, 
stable discharge coefficient over a wide range. KEEP YOUR HEAD, 
save your money, by requesting free copy of Technical Bulletin 
115-L3C today! Write Builders-Providence, Inc., 368 Harris Ave., 
Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 
B-I-F INDUSTRIES 
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SEWAGE AND INDUSTRIAL WASTES 


Nichols Herreshoff . . 


for complete sewage 


disposal in... furnace 


For the cleanest of all sewage sludge 

heat disposal methods, investigate pd 

NICHOLS HERRESHOFF multiple hearth = awe 

furnaces, designed for modern dis- ; Screenings 
posal requirements. No odors, no 

smoke, no fly ash. Simple, compact, 

thoroughly proved at more than forty 


municipalities. 


NICHOLS ENGINEERING & RESEARCH CORPORATION 
70 Pine Street, New York 5, N. Y. 


3513 N. Hovey St. 405 Montgomery St. 1477 Sherbrooke St. W. 
indianapolis 18, Ind. San Francisco 4, Calif Montreal 25, Canada 
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INDUSTRIAL WASTES 


You dont use a 
firehose 
to water 
the lawn/ 


Nor need you any longer use a pipe thot is not 
engineered to your specific requirements 


Specify new, modern CEN-VI-RO 
Concrete Pressure Pipe 


Because if, for example, the installation calls 
for a maximum pressure of 35 pounds, Cen-Vi-Ro 
Concrete Pipe can be designed for this particular 
pressure. The dollars saved can be put to better 
use elsewhere! 

The simplicity and precision of the Cen-Vi-Ro 
joint assure faster installation under all condi- 
tions. This results in substantial savings in laying 
costs as well. 

Investigate the unsurpassed quality, service 
and economy of Cen-Vi-Ro Concrete Pipe. For 
courteous, expert assistance, write or contact: 


Vulcan Materiais Company 


Concrete Pipe Division/Telephone JAckson 4-6243 
P.O. Box 6226 / Station H / Atlanta, Georgia 


This is 


Vulcon Materials Company... 
Birmingham Slag Division 

Brooks Sond & Grove Division 
Chottanoogea Rock Products Division 
Cencrete Pipe Division 

Consumers Company Division 

ombert Bros. Division 
Montgomery-Roquemore Grovel Division 
Stockbridge Stone Division 

Vulcan Detinning Division 

Frontier Chem col Company 
Teckote Corporation 

Wesco Contracting Company 


“Organized for Service” 
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SEWAGE AND INDUSTRIAL WASTES 


pen Channel Meters 


for trouble-free low cost measurement of 


Sewage, Industrial Wastes, Sludge, Irrigation, Water Supply 


Bailey Meters offer these advantages — 


1. Easy to Install and Maintain 
2. Retain Accuracy 

3. Self Cleaning 

1. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 

8. Low Cost 


For further information on how Bailey Meters 
can meet your needs, ask for Bulletin M22-5. 


MU25 


1066 Ivanhoe Road . Cleveland 10, Ohio 
Meters and Controls for Sewage and Water 


Venturi Tubes + Flumes + Weirs + Nozzles «+ Orifices + Direct Mechanical and 
Remotely Located Registers + Air-Operated, Electronic and Electric Controls 
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SEWAGE AND INDUSTRIAL WASTES 


YEOMANS MANUFACTURES THE 
MOST COMPLETE LINE OF 
APPLICATION-DESIGNED 

SEWAGE TREATMENT EQUIPMENT 


which includes . . 


. SPIRAFLO CLARIFIER for both primary and 
final clarification of domestic and process wastes. 
A clarifier of radically different design, the Spirafio 
offers complete settleable solids removal; greater 
removal of finely divided particles; positive grease, 
scum oil removal; uniform velocity throughout 
tank; and straight wall design which reduces con- 
struction costs. 


. . the WATER-WAFFL, a rotarydistributor used 
with trickling filter systems in the secondary treat- 
ment of sewage. An exceptiorally rugged, yet 
simple piece of equipment, the Water-vheel pro- 
vides uniform distribution over the entire filter bed 
at all flow rates .. even the lowest. Costly acces- 
sories such as underground feed pipe, dosing 
chamber with siphon, center supyort, and mercury 
sea! are not required. 


.. the CAVITATOR, a newly developed Yeomans 
unit for low cost treatment of both domestic sewage 
and industrial wastes. Perfectly suited for small 
communities, subdivisions, motels, resorts, schools 
and industrial plants, the Cavitator has excellent 

rification efficiency, extremely high oxygen trans- 
efficiency, and extremely low ai- requirements 
per pound of B.O.D. removed. 


. YEOMANS ROTARY DISTRIBUTORS (both 
standard rate and high capacity). Standard rate 
units distribute evenly across the entire filter bed 
. adjustable nozzles produce fine, well-aerated 
spray which carries down high ~~ = of oxy; 
For high capacity filters both the Y eomans high 
capacity type distributor, and the ‘Acro-Filter «3 system 
are avilable. 


Use this coupon to request literature on Yeomans products—please specify 


LITERATURE DESIRED: 


YEOMANS 1999-7 N. Ruby Street - Melrose Park, Illinois 


manufacturers of : distributors « clarifiers « h 


*p tic sewage ejectors e dige:ters « 


pumps 
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ew Concept in Measuring Flow 


Through Parshall Flumes 


_ NOTHING ELSE LIKE IT! 


BURGESS-MANNING 


Type ML’ 


@ Excavation of dry well foun- 
dation. 


® Concrete dry well foundation 
and walls. 


Metal float well and cover. 


Connecting telltale piping, 
valves and fittings between 
Parshall Flume and float well. 


Float cable and protecting 
Piping. 


Clear water piping and fit- 
tings for back-purge system. 


Metal grating to cover dry 
well. 


‘Think of the ravings! 
‘Think of the climination of matntaince! 


Write for Burgess-Manning “ML” Meter Bulletin 


BURGESS-MANNING COMPANY 
Division 
Instrumentation and Controls 


for water, steam, gases, sewage and industrial wastes 
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SEWAGE AND INDUSTRIAL WASTES 


Like a 

Railroad 

Coupling ... 

Wedge-Lock Joints 

wedge in! lock tight! 

in one simple, easy operation 


Bonded-on Wedge-Lock Joints 
control infiltration to strict 
specifications . . . insure com- 
pletion of the job exactly as 
designed . . . reduce pumping 
costs .. . save installation time 
. . . last as long as the world’s 
longest-lasting pipe! 

Always specify Vitrified Clay 
Pipe, with Wedge-Lock Factory- 
Made Joints. Write to listed 
manufacturers for literature or 
an actual Wedge-Lock dem- 
onstration. 


*Patented. Trademark Registered 


Wedge-Lock cCLay PIPE 


THE FACTORY-JOINTED CLAY PIPE AVAILABLE NATIONALLY FROM LOCAL MANUFACTURERS 


Order Wedge-Lock from any of these Vitrified Clay Pipe Manufacturers 


Cannelton Sewer Pipe Company, Cannelton, Ind. Cley City Pipe Company, Uhrichsville, Ohio 

The Evans Pipe Co., Uhrichsville, O. Gloedding, McBean & Co., Los Angeles 54, Calif. (Sold under trade nome, “'SPEED-SEAL") 

The Logan Cloy Products Compony, Logan, Ohio Oconee Clay Products Company, Milledgeville, Ga. 

Pacific Cley Products, Los Angeles 54, Calif. Pine Holl Brick & Pipe Company, Winston-Solem, N.C. 

Pomone Terro-Cotta Company, Greensboro, N.C. The Robinson Cloy Product Compony, Akron 9, Ohio 

Groft-Kittanning Cloy Products, Worthington, Pa. Superior Clay Corporation, Uhrichsville, Ohio 
The Stillwater Cloy Products Company, Cleveland | 6, Ohio 
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Main entrance to the East Boy Pumping Stotion 
Engineering ond erection of the entire sewage system 
was handled by the East Boy Municipo! Utility District 
Engineering Stoft: 


Four of the five Chapman Tilting Disc Check Valves 
installed in treatment plont of East Bay System. Each 
of these five valves has an average dry-weather flow 
of 55,000,000 gallons daily. Maximum flow for the 
plant is approximately 300,000,000 gallons daily. 
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55 million gallons per day flow 
quietly through five trouble-free 


TILTING DISC 
CHECK VALVES 


In Oakland, California, the East Bay Sewage Dis- 
posal System serves the cities of Oakland, Berkeley, 
Alameda, Albany, Emeryville and Piedmont. And 
it serves them well. It has improved health condi- 
tions and property values in the large East Bay area. 

Representing an investment of $23,500,000 this 
system is modern in every respect. Twenty-one 
miles of reinforced concrete pipe bring sewage from 
six cities to the central treatment plant. At the 
treatment plant sewage is immediately chlorinated 
for odor control then raised 35 feet by five 42-inch 
pumps to the Grit Chambers from where it can flow 
by gravity through the rest of the system. 

Finely screened sewage is pumped up through five 
42-inch Chapman Tilting Disc Check Valves to 


prevent any return of the sewage to the Interceptors. 
Today, the average flow through these five valves is 
55,000,000 gallons per day, with some variations. 
Yet, no matter how much it varies these Chapman 
Valves handle the flow quietly . . . no flutter, no 
slamming, no banging, no damage to valve or sys- 
tem. The valves automatically adjust themselves 
to the volume of the flow. 

Chapman Tilting Disc Check Valves were the 
first with this unique design, engineered to meet 
standard and unusual conditions of service. Chap- 
man know-how is one of the many reasons why 
its valves and control equipment are selected for 
installations of all kinds. Write, and one of our 
engineers will tell you more of the ways and whys. 


Left: — Chapman Tilting Disc Check Valve 
with 6” bypass connection similar to the 
Chapman Check Valves installed in the East 
Bay Sewage Disposal System. 

Why not send for our free Catalog No. 
30-B showing and giving full information on 
all Chapman Tilting Disc Check Valves. 


The CHAPMAN Valve Manufacturing Company 


INDIAN ORCHARD, MASSACHUSETTS 


For over 75 years, Chapman has devoted its entire facilities to the valves of today and tomorrow. 
Chapman has the engineers, metallurgists, experience and manufacturing facilities to design, 
develop, build and test the valve equipment you need no matter how tough the requirements, 
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COMPLETELY AUTOMATIC MECHANICALLY CLEANED 


UNIT BAR SCREEN 


Exclusive Pivoted Rake Design 
Assures Positive Raking from 
Absolute Bottom of Channel 


Horizontal position of rake teeth at the 
beginning of cleaning cycle accomplishes 
raking from absolute bottom of channel. 


Soe: not them ewoy Nowe THE “AMERICAN” UNIT SCREEN 

Completely automatic witha limit switch 
which stops operation with the rake out 
of the flow when time control or water 
level control cycles have been com- 
pleted e Easily installed as a unit in 
concrete channels ¢ Total height of unit 
from mounting floor to motor base is 
only five feet ¢ The entire above-floor 
structure is enclosed with stainless steel 
panels secured by quick opening fas- 

Rake making 45° radial drop to discharge temers to permit casey inspection and 


screenings into trough—Note shear pin hub access. 
with tool steel shaft and hub inserts for 
perfect shear action. 


AMERICAN WELL WORKS 


SUPPLEMENT Weter Puricetion Equipment 


“MS” AURORA, ILLINOIS RESEARCH ENGINEERING - MANUFACTURING 
Offices Oncoge Mew Yort Glevelend Komen: Cay Soles Representotives throughout the World 
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“Build soon enough,” “build big enough” are 

keys to the lowest, realistic water rates for the long run. 
Procrastination or lack of planning for future community 
growth leads only to much higher costs that must later be faced. 
Concrete Pressure Pipe helps keep water rates low, too, 

It is virtually free from corrosion and tuberculation. 

Carrying capacity is sustained. There is also 

the elasticity to resist bursting from surge and 

water hammer... and no other pipe is 

easier to install. 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 N. LaSalle Street + Chicago 1, Illinois 


WATER FOR GENERATIONS TO COME 


PRESSURE 
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South Bend Sewage Treatment Plant located on the St. Joseph River. The four PFT Floating 


Covers can be seen in the background. 


South Bend restores beauty and 
recreational facilities to the St. Joseph River 


This new South Bend Sewage Treatment 
Plant has solved a long-time health hazard 


for South Bend and all the communities 
to the north on the St. Joseph River. The 
river is now being restored to its natural 
cleanliness and beauty. 

PFT equipment plays a big part in this 
sewage treatment and reclamation proj- 
ect. Each of the four 110’ digesters is 
equipped with PFT Floating Covers. 
Heat for the digesters is supplied by the 
two No. 750 Heaters and Heat Ex- 
changers and two PFT No. 429-E Special 
Drum Type Heat Exchanger Units. 

These Special Drum Type Heat Ex- 
changer Units are so arranged that the 
Jacket Water heat is transferred to the 


PORT CHESTER, N.Y. @ SAN MATEO, CALIF . 


HARLOTTE, N.C 


digesters and excess heat may also be 
dissipated to effluent circulated through 
the drum shell. The South Bend Plant 
also makes use of the PFT-Kraus Process 
of Activated Sludge Control. 


Desi ‘ Consoer, Townsend and 
esigned 
lia Associates, Chicago, 


Consulting Engineers 


waste treatment equipment 


exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 
Chicago 13, IIlinois 


JACKSONVILLE @ DENVER 
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Sewage Works 


Re spectively, 


Sewage 


Process variability and high costs 
of vacuum filtration, necessitated 
either the improvement of the opera- 
tion to a point where it would effec- 
tively remove the digested sludge pro- 
duced, or the utilization of some other 
method at the Los Angeles Hyperion 
sewage treatment plant. After con- 
siderable work it was concluded that 
the solution to the problem did not lie 
in improving the mechanical equip- 
ment, such equipment per- 
forms well in other industries. Newer 
filter media and modifications in filter 
design allowed improved yields; but in 
the disposal of digested sludge far- 
reaching process improvement is 
needed rather than equipment im- 
provement. 

As the work progressed it seemed 
that the conditioning or co- 
agulating chemicals offered some prom- 
ise toward the improve- 
ments. Little could be expected from 
the classical inorganic materials usu- 
ally used, but work in the field of 
synthetic polymer coagulants indicated 
that the required improvement might 
be possible. If such a material could 
be developed and sold at reasonable 
could become a deciding 
factor in determining whether vacuum 
filtration should be continued in plants 
such as Hyperion. It could also in- 


because 


clear 


necessary 


prices, it 


* Presented at 30th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Boston, Mass.; Oct. 7-10, 1957. 
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Assistant Chief Engineer, Laboratory Director, and Chief Chemist, 
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fluence thinking concerning solids dis- 
posal in plants yet to be designed. 


Outline of Problem 


The Hyperion plant provides for 
primary sedimentation followed by 
‘*high-rate’’ activated sludge treat- 
ment (1) and secondary sedimenta- 
tion. Modifications are currently un- 
der way (2)(3)(4 The waste acti- 
vated sludge is returned to the head 
of the primary sedimentation system 
and settled with the raw solids. The 
sludge solids are digested anaerobically 
(5). Until September 1957, disposal 
of digested solids was by means of 
elutriation, vacuum filtration, and heat 
drying. The fertilizer produced was 
marketed in the local area. 

The current modification program 
provides for an alternate method of 
sludge disposal by means of a sub- 
merged sludge outfall discharging 7 
miles offshore into an underwater 
canyon. Earlier papers (6) (7) (8) in- 
dicated that discharge into deep water 
at the 7-mile distance would cause no 
nuisance, pollution, or contaminaticn. 
Experience since September 1957 in- 
dicates that this is substantially cor- 
rect. 

The Hyperion mechanical dewater- 
ing plant was placed in operation in 
September 1950. Except for the usual 
minor adjustments of a new facility, 
the equipment has functioned well and 
has exhibited no inherent defects. 
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However, as already noted, great diffi- 
culty has been experienced in dewater- 
ing the sludge solids and at no time 
has production approached the quan- 
ity of solids theoretically available. 

When operation first started, an im- 
provised elutriation procedure 
utilized; therefore, the resulting poor 
yields not thought unusual. 
However, activation of permanent and 
well-designed elutriation facilities led 
to little production improvement and 
it became apparent that the poor filtra- 
tion resulted from the characteristics 
of the sludge itself. There was thus 
little hope that the entire digested 
sludge production could be filtered or 
that operational costs could be kept 
anywhere near a point where fertilizer 
sales would cover a reasonable portion 
of the production cost. 

This had not been readily apparent 
from the literature during the design 
period, but investigation after produc- 
tion started that 
sludge ranked low as a filterable ma- 
terial and extremely low in value in 
the materials normally handled on 
rotary As the picture 
developed at Hyperion, it became in- 
that radical improve- 
ments in the vacuum filtration process 
would have to be found or 


was 


were 


was showed 


sewage 


vacuum filters. 
creasingly clear 


another 
method of disposal would be necessary. 
In fact, operation over the first seven 
years was in effect an alternate method 
of disposal for almost 
the 
elutriation 

This 
perimental 


50 per cent of 
the 


ocean. 


solids ; namely, overflow of 
the 
outlines ex- 
Hy- 
perion sludge solids using various ¢o- 
different methods of 
sludge conditioning. In addition, data 
obtained the present 214-yr 
period of operational use of one of the 


water to 
therefore, 


W ork 


wash 
paper, 
performed on 


agulants and 


during 


synthetic polymer coagulants are sum- 
marized. To interpret these data and 
to place them in their proper per- 
spective, they are examined in view of 


the present experience of the cities in 
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the Pacific States with the 
filtration of sewage sludge. 


vacuum 


Discussion of General Problem 
Sludge Characteristics 


Using the criteria of other indus- 
tries, filtration rates obtainable with 
sewage are not sufficient to 
establish this as a usable process. As 
indicated in Table I, sewage sludges 
rank extremely low in the scale of 
filterable materials, being in fact close 
to an unfilterable designation. In ad- 
dition, they rank very low in product 
value. 

It should be emphasized that Table 
[ does not include the factor of prepa- 
ration cost. 
quire 


sludges 


Thus, sewage sludges re- 
coagulants, whereas 
cement slurry, the only material close 
to sludge in 


expensive 
market value, requires 
only grinding. By comparing produc- 
tion cost versus market value, the pic- 
ture regarding sewage sludges would 
be even 

Table | 
tween 
filter 
mixture of coarse cant 


poorer. 

shows little correlation be- 
organic eontent and 
rate. are a 


inorganic 
Sugar cane muds 
fiber, lime, and 
saccharate. They have a large 
centage of material 
filtration rate is governed by the size 
and amount of fiber. Salt is 
entirely filters well, 


also inorganic, 


per- 
organic but the 
coarse 

inorganic and 
whereas cement slurry, 
filters quite poorly. The reason is ap- 


TABLE I.—Materials Normally Concentrated 


on Rotary Vacuum Fiiters* 


400-800 
300-50 
110 


n mud 


rold and 


~oncentrates 


Steffens) 


Sewage sludge 0.002-0.10 


*Data from Chemical Handbook, Perry, 
Third Edition (1950). 


i 
> 
Estimated Market 
ay Filter | Value Produced 
aca Material Rate From Raw 
Sugar cane muds 1.70-3.40 
ea and a 3 
Sugar, carbonatic 1.20 
silver 20-85 1.25-50 (min 
Flotation 13-60 0.50-3.50 
Paper pulp 8-50 0.40-2.50 
Cement slurry 9-40 0.03—0.55 
Pigment (lithopone) 8-16 0.68-1.36 
Sugar accl srate, 
- 
4 
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parently particle size and _ shape. 
Crystals form a porous surface and 
mat, but the very fine cement slurry 
forms a thin relatively impervious mat. 
Paper pulp is almost entirely organic 
and has a rate varying from poor to 
good, depending on the length and 
fineness of the pulp. Cyanide slimes 
and flotation concentrates are in- 
organic, but filtration rates 
about the same as that of paper pulp. 
Particle size and compressibility seem 
to be the key in the filtration rate on 
these materials. Sewage sludge varies 
from 40 to 80 per cent in organic 
content, and the 80 per cent material 
is as likely to filter well as the 40 per 
cent material. 


pe SSESS 


In summary, the organic content, as 
such, is not as important to filtration 
and filter rates as are characteristics 
of particle size and shape. At Hy- 
perion this has been amply shown by 
the fact that after prolonged elutria- 
tion the fine materials are washed from 
the sludge, leaving a large amount of 
chaff-like material. Such 
material has the same percentage of 
materials as the regular 
elutriated sludge, but gives 30 per cent 
greater yields at only 80 per cent of 
the coagulant demands. 


Straw or 


organic 


the size and 
physical characteristies of the particles 
to the filter rate is not a new concept. 
At outlined by Carman (9), Ruth 
10), and Walker et al. (11), Poi- 
seuille’s equation is generally consid- 
ered to be basic for cake filtration. In 
this equation the compressibility of 
the material being filtered is the con- 
trolling factor, and the reason for dif- 
ference in rates rests with the differ- 
ences between crystalline and amor- 
phous shapes. 

Particle enters into the equa- 
tion in that very small particles lead 
to compressible cakes and consequently 


The importance of 


size 


to high cake resistance to the passage 
of filtrate 
lants increase particle size, decreasing 
compressibility and thus converting a 


In sewage sludge, coagu- 
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basically unfilterable material to one 
which can be handled. Filtration 
theory is beyond the scope of this 
paper, other than to point out that 
the behavior of sewage sludge can be 
predicted from present theory (12) 
(13) (14). 


Elutriation Experiences 


Certain processes associated with 
vacuum filtration are necessary to the 
process, but introduce problems of a 
different type. Thus, at Hyperion it 
was found that elutriation is abso- 
lutely necessary prior to filtration of 
digested sludge. Without elutriation, 
and using currently accepted coagu- 
lants, coagulant costs would be of the 
order of $20 per ton, whereas they are 
of the order of $4 per ton with elutri- 
ation. The reasons for this are cov- 
ered in the fundamental work reported 
by Genter (15). However, at Hy- 
perion elutriation had acted to trans- 
fer a problem from the filter drums 
to the aeration tanks, and it is prob- 
able that secondary treatment could 
not have been continued even with a 
very large investment in more aera- 
tion tanks and air compression ¢a- 
pacity had elutriation overflow not 
been discharged directly to the ocean. 

Elutriation is not a complete proc- 
ess, but it partially solves one problem 
by shifting that problem to another 
point in the treatment process where 
it must be handled in another way. 
Other operators have recently reported 
similar observations (16)(17)(18). 
The action of the elutriation system in 
fractionating and settling the coarser 
particles while leaving the fines un- 
recovered is illustrated in Table IT. 

During the last full year of filter 
operation at Hyperion the plant 
handled 256 mgd, resulting in a total 
of 387 tons per day of raw solids. Of 
these, 72 tons were disposed of at sea 
as secondary effluent and digestion 
accounted for 315 tons; of the latter, 
gas totaled 155 tons, and 160 tons were 
elutriated. From the elutriation tank, 
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TABLE II.—Operation of Hyperion 
Elutriation System 


1954-55 

Total digested solids 
available for elutri- 
ation (tons/day 

Total digested solids 
removed as under- 
flow from elutri- 
ation tank (tons 
day 

Total digested solids 
escaping as over- 
flow* from elutri- 
ation (tons/day) 


* To sea after digestion. 


92 tons were filtered and dried and 
68 tons overflowed to sea. This com- 
pares with the design factors of 245 
mgd, 347 tons of raw solids, 295 tons 
to digestion including 112 tons of 
gas and 183 tons of digested sludge 
to elutriation; filtered, and dried 
and 52 tons to sea as secondary efflu- 
ent. 

Of the 160 tons per day of digested 
actually elutriated, only 92 
tons per day were recovered as ferti- 
lizer; therefore, more than 40 per cent 
was lost to the ocean in the overflow. 
The treatment efficiency would appear 
to be only 64 per cent, because 36 per 


sludge 


cent of the incoming solids reached the 
ocean. It must be eautioned, how- 
that more than 50 per cent of 
the 36 per cent loss represents digested 
that had been through the 
treatment processes, thus contributing 
much less of a pollution or nuisance 
problem than would an 
amount of solids. 
in load 
work by 


ever, 
material 
equivalent 
This reduction 
estimated from the 
Rawn and Candell (19 
which would suggest between 80 and 
90 per cent. In actuality, the treat- 
ment processes, as such, removed more 
than 80 per cent of the solids. 


raw 


can be 


Dilution with Effluent 

A basic deficiency in the sludge dis- 
posal process required that a certain 
amount of the digested solids be re- 
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combined with the secondary effluent 
for disposal. In any these di- 
gested solids represent an operational 
load which poses problems of resulting 
trash on the beaches, as well as an 
estimated additional chlorine 
$150 per day for coliform control. 


case, 


eost of 


Recirculation 


Recycling the elutriation overflow 
through the plant placed such a load 
on the aeration facilities that opera- 
tion of the entire secondary treatment 
This 
aspect is covered in a previous paper 

1). In short, however, a considerable 
trial was conducted of the recycling 
of the overflow back through the pri- 
mary sedimentation system to the aera 
tion system, and 


process was placed in jeopardy. 


there simply was not 
load. 


com- 


enough air to handle the extra 
A great deal more aerator and 
pressor capacity might have enabled 
the system to operate in the aerobic 
zone, but the recycling and gradual 
build-up of solids would have forced 
an inevitable collapse of the system 


( ‘oagula nt E 


rperiences 


Filtration of the additional solids 
was equally impracticable to consider. 
Figure 1 the relation between 
the rate of filter yield and the opera- 
tions level, by monthly average, at 
Hyperion over the last five years of 
The filtration rate de- 
clined as the percentage of sludge fil- 
tered This is logical, and 
arises from the characteristics of the 
and of the filtration and elutri- 


processes. The 


shows 


operation. 
increased. 


sludge 
ation relationships 
Figure 1 are of the 
importance to a facility engaged in or 
entering into sludge filtration. 

sludge is a suspension of 
mineral and organic particles in an 
aqueous medium. It is known 
that such a increases in 
stability as the fineness of the particles 
increase and that when fine enough a 
very stable colloid suspension is 
achieved. In addition, it is recog- 


shown in createst 


Sewage 


well 


suspension 
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nized in a number of fields that the 
more stable a suspension is, the more 
coagulant is required to break and 
precipitate it. Thus, in mineral sols 
the gold number is used to define co- 
agulating properties and in asphalt 
emulsions the amount of calcium chlo- 
ride necessary for precipitation is used 
as a standard. It should therefore fol- 
low that the finer and more stable a 
sludge suspension, the more coagulant 
is needed to clump and precipitate it. 
In addition, as outlined earlier, the 
finer and more amorphous the par- 
ticles are in a filter cake, the more com- 
pressible will be the cake, and the 
more difficult to filter. Thus, a finely 
ground suspension is not only difficult 
to filter but requires more coagulant. 
This is felt to be generally true of 
sewage sludges and the experiences at 
Hyperion have generally confirmed it. 


Filter Rates 


Figure 1 is thus more explainable. 
A selective fractionation of the sludge 
solids occurs in the elutriation tanks 


SOLIDS RECOVERED BY VACUUM FILTRATION— TONS / DAY 


FIGURE 1.—Relation between filter rate and operation level. 
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and as more of the sludge production 
is handled more of the finer materials 
are retained. As more and more of 
the production is removed from the 
bottom of the elutriation system, the 
greater the relative fineness becomes 
and the harder the filtration step is. 
This, of course, assumes that the 
alkalinity and other products of di- 
gestion which interact with the co- 
agulant are washed out. 

In Figure 1, then, the dotted line 
illustrates one possible projection of 
the curve as the percentage of sludge 
filtered increases. Experience at Hy- 
perion indicates that the curves would 
dip toward a zero filter rate as the 
sludge percentage approached 100. In 
any event, there was no indication that 
the rate would be greater than indi- 
cated by the dotted projection, so it 
represents a conservative estimate for 
discussion purposes. It will be noted 
that a minimum rate of 0.5 psf/hr 
is estimated as the sludge percentage 
recovered reaches 100. 
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Estimated Equipment Needs 


In Table III the actual production 
data and projected yields from Figure 
1 are interpreted in terms of vacuum 
filtration equipment necessary at Hy- 
perion to handle the total sludge pro 
duction. It can be that about 
50 filters would be necessary for 100 
per cent recovery, 
standby capacity 


seen 
assuming some 
for repair and re 
The investment in capital 
plant, personnel, and operational costs 
for 100 per cent recovery obviously is 
high. Because the solids that 
be economically 


covering. 


cannot 
recovered also cannot 
be recycled, they must be handled by 
other means. 

It is obvious from the preceding dis- 
cussion and the data presented that 
the solids removal portion of the Hy- 
perion plant has not met design ex- 
pectations. It also should be apparent 
that complete in-plant recovery of the 
solids would require a considerable in- 


erease in plant size and subsequent 
increase in operation and maintenance 
It must be emphasized, however, 
not at fault 
The equipment operates up to its in- 
Rather, the 


dewatering a 


cost. 


that the equipment is 


herent design potential. 
limitations of 


process 


very fine suspension of compressible 


solids has led to the inability to meet 


design rates of solids recovery 


TABLE III.—Vacuum Filters Required to 
Recover Various Amounts of Solids 


60 2.8: 1,750 
80 2.810 
100 1,400 
110 5.450 
120 : 7,000 
140 9! 12,300 
160 0.50 26,600 

* At 570 sq ft each. 

+ Highest production to date 

t Projected from data 
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Possible Solutions 

To provide complete 
ery of digested 
must be 


in-plant recov- 
sludge solids, means 
provided to (a) eliminate 
process losses inherent in the elutria- 
tion process, and (b 
filtration performance. It is apparent 
that benefits would oecur if 
coagulants could be developed to obvi- 
ate the elutriation 
viously stated, 
ment 
eral 


improve sludge 
great 
process As pre- 
the filtration improve- 
needs to be 


fold. 


of the order of sev- 
Given the sewage sludges 


usually handled, it does not seem likely 


that equipment refinements could pro- 
duce such There will 
be some improvements in design; but 
the basic theory of 
against greatly increased product 
yields from equipment changes. If, 
however, the sludge particles can be 
made larger and the cake significantly 


improvement 


filtration argues 


less compressible, great filtration rate 
improvements can result There is 
little hope that the inorganic 
‘an develop a 10-fold cost- 
but the synthetic 
polymer materials now available or in 
development 
this. 


classic 
coagulants 
yield improvement ; 
offer 


some pr ymise of 


Cost Data 


In delineating the problem of solids 


disposal, some discussion of 
The 
processing sludge at Hyperion during 
1956-57, the last year 
of full-scale operation of the mechani- 
eal dewatering plant, are given in 
Table IV, together with the estimated 
eosts of operation assuming an ideal 
coagulant capable of filtering all 
sludge without elutriation and at a 
coagulant cost of $2 per ton of dry 
solids processed. No such coagulant 
but if a material 
unelutriated 
digested sludge to a which 
allowed almost 100 per cent recovery 
could be developed and sold at that 
price, filtration could compete with 
other disposal processes now available. 


costs is 


inevitable. operation eosts for 


the fiscal year 


exists at present; 
capable of coagulating 


degree 


By 
Available | Solids Filter 
ane Dig. Sol. |Removed| Rate Surface Filters 
Filtered ton Required | Required* 
(% jay sq ft 
Wor 
10 
13 
99 
17 
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TABLE IV.—Costs of Fertilizer Production 
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Item 


Production of digested sludge | 
(tons/day 
Dig. sludge removed in me- 
chanical dewatering plant | 
tons/day 
Cost of solids removed in me- 
chanical dewatering 
plant ($/ton)*: 
Elutriation 
Filtration 
Dryingt 
Fertilizer handling 
Cost of solids disposed of as 
from 
system ($/ton)t 
Income from fertilizer 
$/ton 


overflow 


elutriation 


id 


4.00 6.00§ 
Net cost of solids removed in 
] dewatering 


plant ($/ton 


mechanica | 
11.85 | 3.50 


* Does not include administrative overhead. 

t Does not include gas fuel charge. 

¢ Principally disinfection at $150 per day and 
omputed on solids filtered. 

§$ Increase in value due to recovery of 
nitrogen not lost in fines and elutriation. 


lt is assumed that the fertilizer pro- 
duced by such a coagulant would be 
richer in nitrogen and thus more valu- 
able, because the loss of the high nitro- 
gen content fines would be eliminated. 
Table IV covers operation costs only 
and does not reflect the sizeable capi- 
tal investment required for filtration 
equipment. 

It must be remembered that the 
actual represent a capture of 
only 60 per cent of the solids. If all 
captured under present condi- 
tions, it is obvious from Table ITT that 
both capital and operating costs would 
rise substantially. Without major im- 
provement the process appears unat- 
tractive If filtration could be im- 
proved as outlined in the second col- 
umn of Table IV, and all sludge 
recovered at this rate, costs would be 
in line with alternate schemes of dis- 
posal, 


data 


were 
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As a corollary of cost, the conserva- 
tion of valuable assets must be con- 
sidered. Recovery of fertilizer is of 
course desirable, but true conservation 
does not mean expenditure of chemi- 
cals, fuel, equipment, and manpower 
to produce a material worth less than 
that expenditure. Disposal of sludge 
is a public necessity and the best in- 
terest of all, including conservation- 
ists, are served when the most eco- 
nomical solution is utilized. 


Procedures of Investigation 
Tests on Equipment 


At first it was not clear that the 
characteristics of the sludge itself 
were chiefly responsible for the poor 
filtration. The equipment presents an 
obvious area of investigation, so a 
number of were instituted. 
Various filter drum speeds were used, 
blankets or filter surfaces of many 
types were utilized, several bridge set- 
tings in the vacuum valves were tried, 
filtration surface washing was thor- 
oughly investigated, and several cake 
removal systems were studied. Many 
changes which aided equipment opera- 
tion were made. 

The changes, however, aided in only 
a minimum degree and performance 
remained below the anticipated level. 
The bid specifications had stated that 
the filters as installed should produce 
Spsf/hr. The manufacturer agreed to 
this and was as puzzled as plant re- 
searchers by the fact that levels of 2 
to 2.5 psf/hr were all that could be 
obtained at FeCl, dosages of as high 
as 12 per cent by dry weight. By 
using 4 per cent FeCl, and 16 per 
eent CaO, the 5-psf/hr yield was 
reached for a short test period, but 
a two-month plant-scale operation 
failed to confirm this figure. In short, 
equipment manipulations and modifi- 
eations did not solve the problem. 


changes 


Filtration Test Apparatus 


As it became clear that the equip- 
ment as such was capable of perform- 


Actual, 
Fiscal | with 
1956-7 | p idea) 
a iltration 
160 | 160 
| 
. 
F 
1.15 | None 
6.35| 3.50 
4.02 | 3.50 a 
2.70} 2.50 
| 
on 
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ing to its inherent capacity but that 
the sludge for some reason was diffi- 
cult to filter, the work spread into 
many areas. Production filters were 
used for some experiments, but this 
was found to be expensive and inter- 
fered with the need to use all available 
equipment to process the daily solids 
production. Much of the testing was 
then done on Biichner funnels, 0.1-sq 
ft filter 1-ft model 
rotary vacuum filters. 

The Biichner funnel was the least 
satisfactory method, in that its data 
could not be used to give a good esti- 
mate of production to be expected on 
a prototype filter. It gave a quali- 
tative idea of filterability, but little 
quantitative information. 

The 0.1-sq ft filter leaf gave in- 
formation of some quantitative value 
if the correct procedures were closely 
followed (20) (21 With the forma- 
tion of poor-filtering, 
cakes, a close relationship between the 
filter leaf and the production filters 


leaves, or 1- by 


compressible 


$Q FT HOUR 


SEWAGE AND INDUSTRIAL WASTES 


September 1958 


existed. As the filtration character- 
istics improved the filter leaf became 
less reliable. 


The 1- by 1-ft model rotary vacuum 
filter was sufficiently similar in opera- 


tion to the large prototypes that quan- 
titative estimations could be made. 
Figure 2 shows the relationship be- 
tween the filter leaf, the 1- by 1-ft 
model, and the production filter on 
Hyperion elutriated digested sludge 
using FeCl, and a synthetie organic 
polymer coagulant 

The divergence of the filter leaf data 
from that of the 1- by 1-ft model and 
the prototype filter with 
FeCl, dosages and improved filterabil- 
ity is apparent. 


increased 
However. as shown 
by Figure 2, adequate data are avail- 
able to enable the prediction of plant- 
seale operations when 


new processes 


are considered. 

Effect of Particle 
Study of the literature during the 

design period and questioning of vari- 


Size 


(ul) MODEL #ILTER 


LABORATORY FILTER) 


PROOUCTION | FILTER 


DAUM SPEEO 0,355 8PM 


YIELD 


DRY 


PERCENT 


FIERRIC 


6 
CHLORIDE 


FIGURE 2.—Comparison of yields of laboratory filter leaf, 1- by 1-ft model filter, and 
production filter (0.035 per cent Separan used). 
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FIGURE 3.—Relation between filter yield and particle size for elutriated digested sludge 


Ous agencies 


throughout the country 
had led to the belief that yields of 
4 psf/hr at 3 per cent FeCl, would 
be easily obtainable. As it became ap- 
parent that this would not be the case 
at Hyperion, due to unusual sludge 
characteristics, the question of just 
what these characteristics might be 
was the next problem. 

In this industrial wastes, 
sludge protein content, grease, deter- 
and other 
investigated, nothing 
usual found. Filter rates were 
ascertained on sludges from all over 
California and attempts were made to 
determine how they were similar to or 
different from the Hyperion digested 
sludge. 

It became obvious that the only dif- 
ference measurable by the techniques 
being used was the size of the particles. 
In addition to the filter rate, each of 


phase, 


several 


but 


gents, items were 
very un- 
was 


the sludges was analyzed for the 
amount of material passing a 200- 
mesh (0.0029-in.) standard screen. 


Figure 3 shows that in general the 
coarser the sludge the better the fil- 
There were some varia- 


tration rate. 


in California (0.1-sq ft filter leaf tests). 


tions arising from other sludge char- 
acteristics which affect cake compressi- 
bility. For example, Terminal Island 
sludge had a amount of fish 
seales arising from canning operations. 
These tended to produce a fast-drain- 
ing cake. However, the single char- 
acteristic of particle size can explain 
in large part the differences noted in 
filtration characteristics. 

As outlined earlier, these findings 
are in line with filtration theory, be- 
cause particle size is one of the prin- 
cipal controlling factors in cake com- 
pressibility. It should also be noted 
that the best filtering sludge found 
was within the limits noted in Table 
I and thus is subject to the same eco- 
nomie considerations. 


large 


Experimental 
Filtration 

In the attempt to change the sludge 
filtration characteristics so as to im- 
prove filtration experience, a wide 
range of tried. Table V 
lists these tests and briefly summarizes 
the observations made. A great deal 
of quantitative data is available on 


Attempts to Improve 


tests Was 


te 
< 
1087 
| | | | 
| 
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; 
4 


1088 


TABLE V.—Range of Filtration 


Experiment 


Particle size vs. filterability 
Sedimentation rates vs. filterability 
Effect of stirring and pumping sludge 


Change in coagulant effectiveness by reduc- 
tion of ferric to ferrous by digested sludge 


Raw primary sludge filtration 


Unelutriated digested filtration 
Raw primary plus elutriated digested filter- 
ability 


Effect of different degrees of elutriation 


Interstage elutriation 
Process equipment 
and digesters 

Effect of detergents 


manipulations, filters 


ating sludge 
freezing sludge 
removal 


various types of filter cloths 


Formaldehyde treatment of sludge 
Ph acid and lime treatment of 
sludge 
pH control 
Solids concentration: 
lutriated digested 
Unelutriated digested 
Additi 
Between elutriation stages 
After elutriation 
Digestion studies: 
Thermophilic 
Mes 


Gras 


sphoric 


f chlorine: 


yphili 
production vs. filterability 
Digestion of volatiles vs. filterability 
Variations in filters: 
Rate of mixing in filter pan 
Rate of drum rotation 


Various filter backing materials 
Various cake removal devices 
Various bridge settings 
25. Use of bark wool to increase size 
26. Use of expanded vermiculite and other ex- 
panded silica products as aids 


this 
felt 


each test, but for the purposes of 
paper the outline of Table V 
to be adequate. 

It will be noted from Table V that 
there was little effect in manipulations 
involving physical items, such 


is 


as 
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Experiments at Hyperion 


Observations 
Larger particle size gives better filterability 
Better sedimentation rate; better filterability 
Solids comminuted ; filterability degraded some- 
what 
Digested sludge reduced 25 to 35°) of ferric 
chloride to ferrous salt; reduced coagulant 
effectiveness 
Poor, but 
particle size la 
Almost unfilteral 


better than digested elutriated: 

rge! 

le; too many fine particles 

Filterability varies according to percentage of 
components 

More elutriation gives less fines, better filter- 


ability, less nitrogen 


Little effect on filterability 


Little effect on 
Amounts now found, litt 


(1%), seri 


filterability 

le effect; large amounts 
gration 

uneconomic 

uneconomic 

momic 

of admixture 

ut expensive 


tus de 
Improved filtrat 
Improved filtration 
Improved filtration 
Yield increased by 


benent, | 


ion 


unect 


weight 


Some improvement in filterability and opera- 
tion costs 

No noticea benefit 

No noticeab] 

No noticeabl by changing present pH 

Moderate improvement 

Still very poor filterability 

Some help to filterability ; expensive 

Some help to filterability ; expensive 
Aided filterability ; low nitrogen 

Poor filterabilit acceptable nitrogen 

Little noticeable correlation 

Some possible correlation 

Jest filterability with minimum mixing 

Filtration rate increase with drum speed ; how- 
ever, equipment limited benefits 

Change to hard rubber helped maintenance 

No particular advantage 

No particular advantage 

Not effective 


Not effectiv e 


cloths, filter aids, and machinery. 
Changes which preduced the greatest 
effect were also quite expensive, and 
the improvements were in general too 
Changes in 
digestion helped, but produced a low 


small to justify adoption. 


| 

2. 
3 
° 
6. 

10 
11. 
12. Effect of 
13. Effect of 

14. Effect of 
15. Use of admixtures 
16. Use of precoats 
17. Effect of 
9 

Sex 
22. 
2 
24. 

4 


Vol. 30, No. 9 


nitrogen product having limited sales 
potential (5). There was the possi- 
bility of interference from materials 
like detergents, but the quantities had 
to be quite large to be felt. Interstage 
elutriation gave little benefit at this 
site and chlorination during elutria- 
tion could not oxidize enough of the 

. reduced ferric ion to pay for its cost. 
Other points are obvious from Table 
V and others not outlined were tried, 
but the major work along these lines 

is shown. 


Experiments 
terials 


with Coagulating Ma- 


Because the coagulants seemed to 
offer the best hope of salvaging the 
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filtration process at Hyperion, a great 
deal of laboratory and plant time was 
spent in testing coagulating materials. 
Table VI lists most of the products 
tried, with a brief note of observations 
as to their effectiveness. 

Worthy of note is one plant-scale 
operation undertaken. Experience 
elsewhere with the use of lime, coupled 
with the need to increase production, 
led to operation of the filter plant 
with lime and ferrie chloride for two 
months. However, the average in- 
crease in yield was only slightly larger 
than the weight of lime added. This 
fact, together with the alkaline nature 
of the fertilizer produced, made the 


| 
Coagulant 


. Ferric chloride 
. Ferrie chloride + potassium dichromate 


3. Ferric chloride + aluminum sulfate 

4. Aluminum sulfate (filter alum) 
5. Ammonium alum 

6. Sodium aluminate 
Aluminum chlorohydrate 
8. Ferric sulfate 


9. Calcium chloride + OH- 


10. Dresinate TX (Hercules) | 
11. Dresinate XX (Hercules) 
12. Carboxymethylcellulose (Hercules) (several | 


variations) 
3. Nopco 2125 
. Guartec (General Mills) 


. Orzan L50 
. Activated carbon 
. Ammonium lignin sulfonate 
Agrilon N (American Polymer) 
Cyanamid 101, 201, 301 
. Carbide polymers (19 samples) 
. Tretolite coagulants (20 samples) 
Nalco (5 samples) 
Naleo 600 
. Cyanamid Aerofloc 548, 552, 3000, S-3100 
. Cyanamid Aerofloe 8-3019 
. Du Pont EXR 102A 
. Laceo polymer coagulant 
32. Hagan Nos. 7, 11, 15, 18 
. Separan 2610 (Dow) 


ho bo by te 


15. Lustrex X-886 (Monsanto) 

16. Lustrex X-889 (Monsanto) 
17. Bylig 
18. Orzan SL45 


| Good coagulant; 


| Good coagulants ; 
| Good coagulant ; 
| Good coagulant ; 
Good coagulant ; 
| Good coagulants ; 


Observations 


Now in use; best inorganic material available 

Expensive; possibly somewhat better than 
FeCl, 

Poorer than FeC],; alone 

Unfilterable 

Unfilterable 

Unfilterable 

Unavailable ; equivalent to or better than FeCl; 

Poorer than FeCl,;; not competitive in price 
or effectiveness 

No benefit 

No benefit 

No benefit 


No benefit 
No benefit 
No benefit 


| Good coagulant; poor filtration 


Good coagulant; aided filtration; unstable 
No benefit 
No benefit 
No benefit 


No benefit 
| No benefit 


aided filtration 
poor filtration 
poor filtration 


Good coagulant; 
Good coagulant ; 


No benefit 


| No benefit 


aided filtration 

some aid in filtration 

aided filtration 

aided filtration 

aided filtration 

aided filtration 

aided filtration; now in pro- 


Good coagulant ; 


Good coagulant; 
duction use 


- 

at 

l 

: 
caw 
rie 


1090 


usage of lime-ferric chloride impracti- 
eal at Hyperion. 

In general, the Hyperion work was 
with elutriated digested sludge, al- 
though some tests were made with raw 
primary, raw activated, and unelutri- 
ated materials. As will be 
noted in Table VI, the inorganic ma- 
terials little hope of major 
improvement, whereas several of the 
new synthetic materials aided the 
process substantially. Many of the 
polymers tested did an outstanding 
job of coagulating the sludge solids, 
but the floecculated material so ob- 
tained was not compressible ; therefore, 
dewatering by vacuum filtration was 
practically impossible. 
the charac- 
teristics enough to aid filtration. 

Most of 
agulants required the concurrent use 
of an coagulant 
FeCl,, although some were found that 


digestion 


offered 


However, other 


polymers changed solids 


the synthetic polymer ¢o- 


inorganic such as 
acted at very small concentrations and 
needed no accompanying coagulant. 
It should be noted that only two of 
the synthetics effective 
either the raw sludges or with un- 
elutriated digested sludge, and only 
two were effective without the concur 
rent use of inorganic coagulants. 

A synthetic coagulant that 
answer all of the problems of a sludge 


were with 


would 


filtering operation has not yet come to 


but materials 
with characteris- 
tics that could promise much for the 
future. A polymer formulation which 
is active with unelutriated di- 
gested, and elutriated digested sludges 
and not inorganic ¢o- 
agulant with it has been tested. It 
is effective in very low concentrations 
on elutriated digested sludge and 
much less effective on unelutriated and 
raw sludges. However. the fact that 
a material has been found which co- 
agulates all of the common types of 


the authors’ attention: 


have been observed 


raw, 


does need an 


sludges in some degree is encouraging, 
the 


polymers is virtually limitless and as 


because types and numbers of 
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research broadens, coagulants allowing 
the necessary improvement in the proc- 
It must be 
pointed out, however, that little co- 
agulant research is aimed at sewage 
sludge filtration the major 
market for such materials lies in areas 
such as treatment of mineral slimes, 
recovery of coal fines, and removal 
of particulate solids from waste flows. 
[t is a fortuitous accident that these 
synthetic coagulants are useful in the 
sludge filtration field and one of the 
jobs of the industry is to interest the 
coagulant this 
problem. 


sts 


Commercial 


Table VI number of 
the coagulants 
tested were effective in improving fil- 
tration yields. One of the first to be 
available on a commercial 
storable 


ess become more possible. 


because 


producers in specific 


and Production with a 


Coagulant 


Runs 
Synthetic 


that a 
polymer 


shows 


synthetic 


basis in a 
stable, form 
2610.* 
molecular weight polyacrylamide and 
was supposed to be effective 
wide pH range, and thus 
to most variations in sludge 


was Separan 


This was deseribed as a high 


over a 
insensitive 
condition. 
It was supplied as a dry powder in 
50-lb 
effectiveness in storage as long as the 
material was kept dry. A well-planned 
device for preparing dosing solutions 


sacks and showed no loss of 


was available and the solutions so pre- 
pared were stable for a week but less 
than a month 
effective 
vested sewage 
test warranted Information 
from plant-seale tests led to the adop- 
tion of 


It was a reasonably 
elutriated di- 


sludge, so a plant-seale 


coagulant for 
seemed 
Separan for production use, 
for more 

There 


competitive 


been utilized 
years at Hyperion 
commercially 


and it has now 
than 21% 
are other 
materials, which have about the same 
price and effectiveness on 
elutriated digested sludge, but experi- 
ence in handling the present material 
is such that no change is contemplated 


structure 


*Dow Chemical Co., Midland, Mich. 


4 
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Ci,+ 04 % Separan 


FeCi,+ 0.06 % Separan 


FeCl, Only 


L 


| 2 3 


unless a material bettering it on a 
process and/or cost basis can be found. 

Figure 4 summarizes the laboratory 
tests which led to the trial of Separan 
2610 on the production filters. It will 
be noted that when 0.04 or 0.06 per 
cent of Separan was added with FeCl, 
dosages of from 2 to 5 per cent on a 
dry solids basis, yield increases of the 
order of 2 psf/hr, or of about 45 per 
cent, were obtained. Analyzing hori- 
zontally, this means that 0.04 
per cent Separan and 2 per cent FeCl, 
gave the same yield as 4 per cent 
FeCl, alone. It is also apparent that 
at the 0.06 per cent Separan dosage, 
defloceulation occurred as the FeCl, 
was increased. This was also true of 
the 0.04 per cent rate as the FeCl, 

the values 
However, the 
indicated that a 


also 


increased 
plotted in 
general test 


was beyond 
Figure 4. 


results 


plant-seale test of the material would 
be justified. 

During this period the average per- 
formance of the production filters was 
such that a FeCl, dosage of 3.9 per 
With this dosage, 


cent was necessary. 


PER CENT FERRIC CHLORIDE COAGULANT 
FIGURE 4.—Laboratory filter leaf test on effect of organic coagulant dosage. 


4 5 6 7 


coagulant costs were $3.67 per ton of 
dry fertilizer produced. As stated, the 
test had suggested that this cost might 
be reduced and that other costs arising 
from maintenance occasioned by ex- 
FeCl, might be eut. It was 
concluded, however, that the produc- 
tion filter experiment should provide 
that total coagulant costs be no higher 
than those currently prevailing if the 
procedure was to be justified. 

On the basis of Figure 4, it was 
reasoned that 0.06 per cent should 
represent the maximum Separan dos- 
age, because deflocculation apparently 
became a problem as this dosage was 
exceeded. At the FeCl, and Separan 
prices then prevailing, it was con- 
eluded that 2.9 per cent FeCl, and 
0.06 per cent Separan would represent 
With 
this in mind, a several week produc- 


cessive 


the maximum economic dosage. 


tion test was made using 2.9 per cent 
FeCl, and, 0.03, 0.04, 
0.05, and 0.06 per cent Separan. The 
production test was not as clear-cut 
as the laboratory filter leaf tests, but 


respectively, 


| 
4 
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TABLE VII.—Evaluation of Synthetic Organic Coagulant 


Average, 


Item 1954-55 


Yield (psf/hr 2.20 
FeCl] 3.90 
Organic coagulant (% None 
Coagulant cost ($/ton) 3.67 
Coagulant cost saving (% 0 


dosage 


it was sufficiently encouraging to 
justify an extended full-time trial. 
Table VII lists the average condi- 
tions found during the year 1954-55, 
when no Separan was being used. It 
also shows the data from the produc- 
tion test and the average for the 1955 
26 year, when Separan was being used. 
Filter production in both of these 
years was of the order of 80 tons 
per day, so the figures for each year 
ean be compared. It will be noted 
that during the 1954-55 fiscal year 3.9 
per cent FeCl used to obtain a 
2.2-psf/hr yield at a coagulant 
of $3.67 per ton. The plant-scale test 
of Separan showed an improvement in 
yield to about 2.7 psf/hr, but the cost 
saving per ton was a moderate 8 to 9 
per The best Separan 
seemed to be at 0.03 per cent, so it was 
decided to operate at this level and to 
add FeCl, such that the yield would 


was 


Cost 


cent. dosage 


be about the same as it had previously 
Operation considerations made 
it desirable to aim at the usual 


been. 
pro 
duction level 
the unit rate. 

Table VII shows that the produe- 
tion rate for 1955-56 was the same as 
that for 1954-55, but that 2.16 per cent 
FeCl 
used instead of the previous 
eent FeCl,. Coagulant cost dropped 
from $3.67 per ton to 
27.5 per cent decrease. 

Separan is only effective on elutri- 
ated digested sludge, leaving the prob 
lem of the elutriation overflow 
viously mentioned. Ability to coagu- 
late unelutriated digested 
would eliminate the solids loss in elu- 
triation upgrade the fertilizer, 


rather than to increase 


and 0.03 per cent Separan were 
3.90 


per 


$2.66, for a 


pre- 
sludge 


and 


Production Test, 
Filter Plant 


2.69 
2.90 
0.05 
3.77 
2.70 


2.62 2.23 
2.90 2.16 
0.06 0.03 
3.98 2.66 
8.50 27.50 


0.04 
3.56 


3.00 


the 


washed 


less of 


would be 


because nitrogen content 
away. Ability to 
coagulate raw sludges would place the 
filtration of activated sludge in a more 
favorable light. 

limited value in 
filtration problem. 
the immediate 
available 


Separan is thus of 
solving the general 
benefit 
polymers can 
give to plants filtering elutriated di- 
gested sludge, an outline of the actual 
operation 


Because of 


commercially 


mechanics of would seem 
worthwhile. Figure 5 is a diagrammatic 
illustration of the Hyperion installa- 
tion using Separan. The dry material 
is dissolved by mixing it with water 
in the venturi throat of an aspirator 
and then by agitation with a propeller 
mixer. Contact of all dry particles 
with water must occur at same 
time in the venturi throat system or 
the material becomes difficult to mix. 
The solution is quite viscous, so a 0.62 


the 


per cent stock solution of the polymer 
is used As noted, the solution so pre- 
pared is subject to degradation; there- 
fore, no more than a week’s supply 
is prepared at any one time, 

and thorough 
contact of the polymer with the sludge 


Inasmuch as quick 
particles is essential, the coagulant so 
lution is added by a_ proportioning 
pump to the elutriated sludge line just 
ahead of the centrifugal pump feeding 
sludge to the regular coagulant mixer. 
The Separan and sludge have a 2- to 
the 


is added in the regu- 


5-min contact 
before the 
lar coagulant 
after the 
the 
polymer tends to 


period in piping 


mixer. Continued mix- 
FeCl, is 


sludge 


dispersed 
the 
floc, 


ing 
containing 
the 


through 


degrade 


ge 
1955-56 
| 2.72 2.77 
2.90 2.0 
0.05 
3.35 
- 
8.70 | | - 
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FIGURE 5.—Flow diagram of sludge conditioning and drying system. 


making it necessary to determine the 
allowable amount of mixing. 

The polymer and its solution are 
noncorrosive; therefore, ordinary con- 
struction materials can be used for the 
dosing equipment. 
this equipment 


As Figure 5 shows, 
is quite simple and 
can be added to most systems with 
little difficulty. At Hyperion the total 
yf materials for the 
conversion to polymer usage was less 


cost 


necessary 


than $2,000 and no major design 
change was required. 
The sequence of addition of these 


materials has been found to be critical. 
With Separan and sludge, the polymer 
must be added first and thoroughly 
mixed before the inorganic coagulant 
is added. The time for adequate dis- 
persion of the synthetie in each par- 
ticular installation must be 
known if successful use is to be real- 


also 


ized. Production use of Separan with 
AL,(SO,), for the flocculation of up 


to 10 mgd of raw sewage at the Valley 
Settling Basin of the City of Los 
Angeles, a chemical treatment plant, 
revealed that the polymer was most 
effective if added after the inorganic 
coagulant. Thus, each product must 
be tested to see whether it should be 
added before, with, or after the ac- 
companying inorganic coagulant. 


Flocculation Theory with Commercial 
Organic Polymers Tested 


The surfaces of particles in a solu- 
tion are known to take on an electric 
charge, relative to the solution, which 
is governed by the pH of the solution 
and by the composition and structure 
of the surface of the particles (22) 
(23)(24). If the particles are small 
enough the repellent forces of the 
charge will give a permanent colloidal 
suspension. Larger particles will 
slowly settle, but will deviate from 
Stoke’s Law by the effect of the 
charges upon each other. 

It is considered that the particles 
develop their charge by adsorbing 
hydroxyl ions from the solution onto 
the surface of the particle. The num- 
ber of hydroxyl ions adsorbed is de- 
pendent on the nature of the material. 
The adsorbed hydroxyl ions then at- 
tract cations, which form a_ cloud 
around the particle for some distance 
into the solution. The attracted cat- 
ions are subject to ion exchange; 
therefore, the Fe*** and Al*** cations 
produced from the usual inorganic ¢o- 
agulants like FeCl, and Al,(SO,), ex- 
change with the Na*, Ca** and other 
mono- and divalent around the 
particles. 


ions 


gt 
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= = 
2 
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ee 
4 


1094 


These trivalent ions are fewer in 
number and are attracted to the sur- 
face strongly, so that when two par- 
ticles approach they come more closely 
together than was the ease before the 
monovalent and divalent ions were ex- 
changed. If their normal energy of 
motion is such that the charge acting 
over the shorter distance is overcome, 
the particles can collide. If, on con- 
tact, the attraction exceed 
the dispersive force of the charge, the 
particles will adhere to each other and 
The rate of floc- 
culation is governed by the strength 
of the attractive between the 
particles, by the repelling charge, and 
a number of other factors. 

Once flocculation has actually 
started, as outlined in the foregoing 
general description, the rate of growth 
of the floc particles is controlled to a 
large that in- 
crease the bond between particles. In 
iron or aluminum salt flocculation, the 
hydroxide that form constitute 
chains or bridges which are adsorbed 
the floceulated particles, 
they act to bind several together into 
larger, 


forces of 


flocculation occurs. 


forces 


degree by substances 


sols 


into where 


stronger which set 


particles 
tle more rapidly (25 

The commercially available polymers 
investigated at Hyperion act in the 
same manner as the hydroxide sols, ex- 
that they are much more effective 
their long 
and many active points. 


cept 
chain lengths 

They bridge 
between several floc particles at once, 


because of 


viving a large, 
floe. 


These polymers, 


dense, and very tough 


however, are 


ally either nonionic or slightly anionic, 


usu 


SO they do not enter into the basie ion 
exchange-flocculation reaction. They 
are bridging substances generally not 
effective in and must act 
upon already floceulated or 
floecculated material. If a 

cannot be easily coagulated by an in 


themselves 
nearly 


material 


organic coagulant, it is generally not 
by the or 
There 


susceptible to treatment 


ganic polymers now available. 
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fore, as already stated, these materials 
are only a partial aid to the basic 
sludge filtration program; but inas- 
much as they are partially effective 
and as their variation is 
enormous, they great hope for 
the future. 


possible 


offer 


Tests on Two Experimental Organic 
Polymers 


During the course of the test, two 
experimental polymers were submitted 
by one large chemical manufacturer. 
They were apparently ionic materials 
directly with the 
sludge particles and required no prior 


which could react 
or subsequent coagulation by inorganic 
ecoagulants. They usable by 
themselves at dosages of 0.01 per cent 
or less and were so effective that none 
of the test methods was adequate to 
their true potential. That is. 
coagulation was so complete that yields 
well beyond the capabilities of the test 
equipment fact, 
most filtration 
would be 
potentialities 


were 


show 


were obtained In 
commercial vacuum 
equipment available today 
hard-put to utilize the 
of such a material. 

other coagulants, the 
experimental polymers worked best on 
elutriated 
that as 
fected by the salts normally washed 


As was true of 


digested sludge, indicating 


ionic materials they were af- 


out in elutriation. However, they were 
unelutri- 
ated digested sludge, and raw sludges, 
indicating that research could lead to 
a polymer that would act upon these 


also somewhat effective on 


materials directly 
The experimental did a 
spectacular coagulation job, allowing 
After coagulant ad- 
internatant or interstitial 
out of the 
particles, leaving a layer of clear water 


materials 


easy dewatering. 
the 


aition, 


water would literally run 


over a dense well-clumped mass of sol 
ids. The sludge could be 
filtered on a 5-mesh sereen and a com- 


eoagulated 


pressive roller, then used with virtu- 
The very fine, 
slimy, and compressible sludge solids 
the coagulant into 


ally no loss in solids. 


were converted by 
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easily filterable solids with entirely 
different characteristics. 
Figure 6 summarizes tests made 


with a O.1-sq ft filter leaf on a large 
f elutriated sludge obtained 

plant It will be 
noted from the curve for FeCl, alone 
and from the filter plant data for that 
period that the sludge was easier to 
filter than the average material cov- 
ered in Table VII. Experimental eo- 
No. 1 and No. 2 are much 
effective elutriated digested 
sludge than the FeCl, alone, with No. 
2 being essentially too efficient to be 
evaluated by the filter-leaf method. 

If two gallons of sludge were co- 
agulated and the filter leaf placed in 
the container, the filtrate was drawn 
from the entire sludge mass. In other 
words, the sludge near the filter cloth 
did not act as its own filtering me- 
dium as is usually the ease. Three or 
more gallons would act in the same 
manner. The curves should thus be 
steeper than shown. 


sample 0 
the 


trom 


system. 


agulants 


more on 


Figure 6 also shows that very low 
concentrations of experimental coagu- 
lant No. 2, with no added’ FeCl,, were 


0,20 


FIGURE 6.—Sludge filter rates with experimental synthetic organic coagulants 
(laboratory filter-leaf tests). 


50 % FeCis 
0,25 %-EXPERIMENTAL ORGANIC CQ 


JAGULANT 


effective in some degree on unelutri- 
ated solids. The curves showing this 
action on unelutriated materials are 
perhaps the most significant, inasmuch 
as they indicate that a polymer can 
be found that would enable the filters 
to handle the total solids production. 

Figure 7 presents an extension of 
the tests using a standard 1- by 1-ft 
model of the prototype production fil- 
ters. It will be noted that 0.04 per 
cent of experimental coagulant No. 2 
was equivalent to about 0.08 per cent 
of experimental coagulant No. 1, to 
about 2.5 per cent of FeCl,, and to 
0.045 per cent Separan and 1 per cent 
FeCl, with the sludge tested. As eo- 
agulant dosages increased, the yield 
from the experimental coagulants in- 
creased sharply, whereas that for the 
FeCl, started to flatten out. Only a 
very small quantity of experimental 
coagulant No. 2 was available for this 
test, but it can be seen that as in Fig- 
ure it is substantially better than 
experimental coagulant No. 1. _ It 
should also be noted that experimental 
coagulant No. 1 was tried on the 1- 
by 1-ft filter with nonelutriated di- 


- 
‘ 
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gested sludge. At 0.35 per cent dos- 
age, a 2-psf/hr yield was obtained, 
whereas at 0.50 per cent dosage a 3.3- 
psf/hr yield was obtained. These rates 
for unelutriated digested sludge are 
significantly higher than those ob- 
tained with any other coagulant tried. 
It should be emphasized that the 
curves for experimental coagulants No. 
1 and No. 2 are undoubtedly on the 
low Cake could only be pro- 
duced from the 1- by 1-ft test filter 
if the drum was turned at top speed. 
The underfilter mixer was operated at 
top speed and coagulant dosages were 
kept low, because the conditioned 
sludge dewatered so rapidly that it did 
not form its own filter mat. If these 
materials were commercially available, 
equipment designs would have to take 
their characteristics mto account. 
Experimental coagulants No. 1 and 
No. 2 unfortunately are not in produce- 
tion and there are no plans to make 
them the near future. 
Representatives of the manufacturer 
have indicated that there not 
seem to be enough potential in the 
sewage treatment field to justify the 


side. 


available in 


aoes 
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eost of active research and develop- 
ment work. 

Why then have unavailable ma- 
terials been discussed at such length? 
The authors feel that the results ob- 
tained with the experimental polymer 
coagulants, wherein are shown po- 
tentials of filtering unelutriated di- 
gested sludge or raw activated sludge, 
together with the results obtained on 
filtering elutriated digested sludge on 
a routine basis using a commercially 
available polymer, constitute a signifi- 
eant breakthrough in the field of me- 
chanical dewatering. 

It is believed, therefore, that or- 
ganic-polymer coagulants can be com- 
pounded that can drastically change 
what is now seen as a rather gloomy 
future for the disposal of sewage solids 
by vacuum filtration. Successful intro- 
duction of proper coagulants obviously 
would benefit operating agencies ma- 
terially, as well as insure the future 
of vacuum filtration. 

In short, and its 
ated processes are at a crossroad and 


filtration assoc- 


if the twin problems of cost and partial 
solids recovery cannot be solved, filtra- 
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FIGURE 7.—Sludge filter rates with experimental synthetic organic coagulants 
(1- by 1-ft filter tests). 
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TABLE VIII.—Status of Vacuum Filter Installations, West Coast States* 


Filter Status 


Plant 


Alternate 
Disposal 
Planned 


| Regular | 
| Operation 


California: 
Los Angeles X 
Monterey 
Oceanside 
Pasadena 


Sacramento X 
San Diego | 
San Francisco Xx 


Santa Barbara 


Oregon: 
Albany xX 
Coos Bay 
Corvallis X 
Eugene 


W ashington: 


Bellingham 
Bremerton xX 
Enumclaw xX | 
Kirkland 


Seattle, S.W. 
Spokane 
Tacoma 


* No vacuum filters installed in Idaho. 


tion will increasingly be excluded from 
treatment designs. 


Present Status of Filtration in West 
Coast States 


As the dimensions of the solids re- 
moval problem at Hyperion became 
more apparent, an attempt was made 
to determine if this were a unique case. 
That is, were the conclusions as to the 
suitability of the basic process widely 
at variance with the experience of 
others? It was especially desired to 
determine whether other agencies were 
able to remove all their sludge solids, 
or whether, as at Hyperion, a large 
portion was either recirculated back 
through the treatment section or dis- 
charged with the effluent. It also was 
desired to know the economies of the 
process at other facilities. 

With this in mind, all known users 
of vacuum filtration for sludge solids 


Notin | 
| Operation | 


New plant, no data 
New plant, no data 


Reason for Alternate Disposal, 
| and Comments 


Operating costs 


xX Operating costs 

xX Operating costs 

XxX | Abandoned ; operating costs 

| 

- Some study of alternate methods pro- 
| posed 
xX 


— | Operating costs 
xX | Operating costs 
— | Operating costs 
| Operating costs 


Over 10% FeCl, dosage 

Partial operation; improvised drying 
beds used ; cheaper 

— Filtration most expensive operation in 
plant 


x | Operating costs 


removal in the Pacific States were sent 
questionnaires. Table VIII sum- 
marizes the results. In 12 out of 19 
cases enough difficulties had developed 
to lead to abandonment of the process 
or to consideration of abandonment. 
The following quotation from one re- 
ply is included because it vividly out- 
lines the type of experience leading 
to discontinuance of the filtration op- 
eration in a plant: 


The plant designed to dewater 
sludge by vacuum filtration and the filtra- 
tion plant was operated during 1953. Very 
little trouble experienced with the 
equipment, and high filter eake production 
rates were achieved. However, in spite of 
good technical results, the filtration proc- 
ess still cost about $3 per cubie yard of 
filter cake produced. An attempt was 
made to get back part of this money by 
selling the filter cake as a soil conditioner. 
It was advertised for sale and bids were 
invited. There were no takers. At this 
point an interesting experiment in com- 


was 


was 


| | 
| | 
| | 
| 
j Ab 
| 
bd 
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filtered 
was 


posting sewage sludge with 
garbage carried on at the 
dump by the sewer engineering 


The experiment demonstrated that sludge 


city 
garbage 
section. 
and garbage can be composted together to 
produce a useful conditioner. <A 
proposal was made for the city to build 
a plant to undertake this on a commercial 


organic 


scale. However, because of uncertain costs 
and marketing conditions, the proposal was 
never carried out. 

The bulk of the sludge from the filter op 
eration was trucked to a natural bed on 
the plant. The 


was then given out 


the east side of 
from this bed 
the public. It soon occurred to the plant 
personnel that the end 

complished at much less expense by merely 
pumping 


sludge 
free to 


same could be ae 


the digested sludge to the beds 
and allowing it to dry out. The procedur 
was practiced in 1954 and subsequent years 
The natural sludge beds 
improved by plant personnel to take care 
of increasing amounts of In July 
1956 a tractor loader was acquired to load 


were gradually 
sludge. 


the dried sludge for the people. Phis 


service makes it much more 


attractive. 


This method of sludge drying and 


disposal 
is Saving the city approximately $7,000 per 


year over the original filtration method. 


This letter was received from a large 
community situated where annual 
rainfall conditions make bed drying 
about as difficult as could be found in 
this country; but beds were still con- 
sidered to offer a better solution than 
their admittedly efficiently operating 
filtration process. Letters of a similar 
nature, reinforced by the data of Table 
VIII, showed that Hyperion was not 
the only plant having difficulty with 
the vacuum filtration method of sludge 
solids disposal. 

Nearly all letters mentioned the cost 
of the process; many implied that the 
recovery of all of the solids 
by the treatment processes was virtu- 
ally impossible. 


removed 


There was a general 
regret that equipment representing a 
considerable capital investment should 
remain idle, but a general feeling that 
there was no present alternative since 
filtration could not compete with other 
It is felt that this 
represents a trend that will continue 


methods available. 
unless the technological breakthrough 


represented by the synthetic organic 
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coagulants is fully exploited. The 
sewage treatment industry, as a whole, 
should therefore have an interest in 
vigorously encouraging research in 
this area. 


Summary 


instal- 
treatment 


The mechanical dewatering 
lation at the Hyperion 
plant been in operation since 
1950. Results have in general been 
disappointing and have not met design 
expectations. 


has 


The primary responsi- 
bility for the inability to perform as 
had rested with the elutria- 
the digested sludge and filtra- 
The 


the co- 


designed 
tion of 
tion of the sludge so prepared. 


elutriation process removed 
agulant-demanding digestion products, 
but also acted to selectively fraction- 
ate out the filterable portion of the 
solids by transferring the filter- 
able fine the effluent, or 
to the treatment 


less 
materials to 
sewage process, 
where it imposed a serious additional 


load As 


cover 


made to re 


attempts were 


solids from the elutria 


more 
tion tanks, the percentage of fines re 
tained increased, and filtration became 
was therefore 
filter than about 
cent of the digested sludge 


production on the installed equipment. 


increasingly difficult. It 
impossible to more 
65 per 
Attempts to improve filtration by 
manipulation of the mechanical equip 
ment led to only minor improvements 
Physical treatment of the sludge was 
likewise of little help. 
fered the 
result a 


Coagulants of 
greatest promise and as a 
deal of effort 
pended in testing them. It was found 
that a filter leaf or a small prototype 
of the production filters gave the re- 
sults most with actual 


great 


Was 


consistent pro- 
duction expectations. 
Utilizing these test instruments, ex- 


tensive screening of available coagu- 


lants was accomplished. There was 
little benefit in most, but it was found 
that the 


polymer coagulants were adaptable to 


certain of new synthetic 


the sludge coagulation field. The word 


: 
a 
i 
a 
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‘“‘adaptable’’ has been used advisedly, 
inasmuch as it was a happenstance that 
they worked on sludge at all. Devel- 
opment work had been aimed at the 


coagulation of mineral slimes, coal 
fines, and other more valuable ma- 
terials. 


One of the commercially available 
synthetic polymer coagulants has been 
in production use at Hyperion for 
more than 214 years. During this time 
it is estimated that about 25 per cent 
of the coagulant cost has been saved. 
Equipment installation enabling use 
of the material was accomplished at a 
minor cost and no problems have de- 
veloped from the use of the material. 

In the course of the evaluation of 
the synthetic polymers, two experi- 
mental ecoagulants were submitted and 
were found to perform in an amazing 
manner. These were apparently very 
long chain ionie materials, which 
could both coagulate the sludge and 
bind it into large discrete particles by 
its bridging Elutriated di- 
gested sludge so treated dewatered in 


action. 


spectacular fashion, producing yields 
of up to 30 psf/hr. These coagulants 
were also capable of dewatering un- 
elutriated digested and raw activated 
that if properly 
compounded they could make the elu- 


sludges, suggesting 
triation step unnecessary, allowing all 
the filters 
and thus preventing the loss of solids 

| Develop- 


soli 1s to be removed on 


overtiow 


from such systems. 


ment of materials capable of effective 
action on all types of sludges normally 
produced represents a significant tech- 
nical breakthrough in the field of me- 
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chanical dewatering. 


Inability of the 
manufacturer to supply more than ex- 
perimental samples has limited the 
work, but the data are nonetheless felt 
to warrant this conclusion. 

Such a breakthrough is necessary, 
as a survey of West Coast vacuum fil- 
ter installations found that in a ma- 
jority of cases the filters are no longer 
used. Trends are toward simpler, 
cheaper methods of handling 100 per 
cent of the solids produced. This is 
traceable to the need to find a suitable 
method of producing a non-compres- 
sible, easily filterable sludge, rather 
than to any fundamental lack in the 
filtration equipment. 
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This paper discusses the results of 
theoretical and experimental investiga- 
tions conducted by the authors in 1953 
and 1954 on the flow conditions in 
settling basins. The studies were di- 
vided into: (a) investigations of the 
tracer measuring method and (b) in- 
vestigations to determine the hydraulic 
efficiencies of different types of settling 
basins. 


Determination of Flow Wave 


The method of determining the “flow 
wave” is well known and is described in 
the literature. Briefly, the tracer, an 
aqueous solution of salts, dyes, or radio- 
active materials, is quickly dosed into 
the inlet of the basin. By the aid of 
samples taken from the outlet of the 
basin, variations in the concentration 
of the tracer with time can be deter- 
mined. The curve illustrating this 
variation (Figure 1) has been desig- 
nated the “‘flow wave.” 

Many researchers in this field have 


= 


(concentration) 


MODIFICATION OF THE TRACER MEASURING 
METHOD IN SETTLING BASINS 


By L. MuszkKaLay I. VAGAs 


Scientific Researchers, Budapest, Hungary 


indicated 
waves may be influenced by the tracers 


that the form of the flow 
used. In the authors’ use the different 
tracers showed different characteristics, 
but it was observed that even with 
identical flow conditions and tracers the 
flow waves had different forms, caused 
by the varied dosing periods of the 
tracers. This is shown by Figure 2, 
which has three flow waves determined 
with the same tracers under identical 
conditions of form of basin, discharge, 
velocities, times of throughput, etc., the 
only variable being time of dosing of 
the tracer. 

Table I gives characteristics of these 
three flow waves. In connection with 
both Table I and Figure 2, T is the time 
of dosing of the tracer, & is the time to 
reach the half-area of the flow wave, 
and ¢t, is the mean throughput time as 
‘alculated from V/Q,, where V is the 
total volume of the basin and Q, is the 
constant discharge. 

Where hurried dosage was involved, 
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Different time of dosage of the tracer liquid (JT = 1.5, 5, and 


15 min) results in flow waves of different forms. 


it was not possible to determine accu- 
rately the true time of dosage at the 
basin inlet. As a result, there is no 
true uniformity of the flow waves and 
the observations lead to the conclusion 
that the hydraulic characteristics de- 
rived from the flow wave are not neces- 
sarily fixed. 


Determination of Flow Diagram 


To standardize the tracer method, 
the authors have devised and proposed 
method of tracer measuring, 
called “‘Determination of Flow Dia- 
gram” (1). In this procedure the 
tracer is dosed into the basin inlet over 
a longer period of time, but with the 
same intensity. 


a new 


The concentration of tracer in samples 


TABLE I.—Characteristics of Flow Waves 


Shown in Figure 2 


taken at regular intervals from the out- 
let of the basin varies with time, the 
variation being described by c = et 
in which values of ¢ are 
value, Ce. A 
condition of this constant-value state is: 


see Figure 3), 


increasing to a constant 


in which 


T = period of dosage of the tracer 
with same intensity; 
throughput of the 
slowest water particle; and 


t, = time of 


time of throughput of the fastest 
water particle 


The constant concentration, c, deter- 
mined at the outlet 
that determined at the inlet after dos- 
ing by the tracer. However, the con- 
cept of “relative concentrations” is 
introduced. In this concept, water not 
dosed by tracer has a relative concen- 
tration of 0 and all other concentrations 
are calculated as a ratio related to the 
untraced water. Thus: 


is established as 
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in which defined as the total volume of the basin 2 
minus the volume of stagnant water 
0. = discharge of the dosed tracer particles. 
liquid ; Verification:—Movement of traced 
Q. = total discharge of the basin water particles is a temporary move- : 
(Qe K Qs) ; ment in a permanent flow. The equa- 
Co = concentration of the tracer tion of temporary movements described 
liquid before dosage ; and with the masses of tracer is 
d c, = concentration of traced water 
at the inlet after the be- 
ginning of dosage. Qc, — a. f e(t)dt = ¢,V¢... (3) 
where : 4 
Che reported here con- 
firmed the belief that the increasing t = time calculated from the start 
part of the flow diagrams is fixed, the of the tracer dosage, and 
amount of the dosed tracers having no V, = volume filled by traced water 
influence on it. Therefore, the flow of concentration ¢,. 2 
diagram is suitable for determining the 
true hydraulic characteristics of the Further, from Figure 3, if t = t,, and 
settling basins. Some of the possi- c(t,) = ¢,, then V,; = the water-carry- 
bilities of using the flow diagram for ing volume (the active volume) of the 
this purpose are described in the basin. From Equation 3: ic 
following discussion. Q 
Determination of the W ater-( arrying Cc, o 
Volume 
Figure 3 shows that 
Proposition :—The a outlined by 
the coordinate-axes, by the flow dia- ts 

gram, and by the horizontal line ¢ = ¢, Cle — f c()dt = f t(c)de. . (5) 

Fi ure 3), is proportionate to the 3 
pale nage volume of the basin. where t = ¢(c) is the inverse function of E 
The water-carrying (active) volume is_ = c(t). 
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FIGURE 3.—Determination of the water-carrying volume (V,) 
by the aid of the flow diagram. 
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FIGURE 4. 


Determination of the useful volume (YV,, 


and the useful 


discharge (Qs — Qa) by the aid of the flow diagram. 


Equation 5 can be verified mathe- 
matically. From Equations 4 and 5, 
if values Q, and c, are given: 


Q. 


t(c)de.... 


Q.E.D. 


The Flow Diagram as the Diagram of 
Traced Discharge 8 


Proposition :—The function c = c(t 
and the function Q; = Q;(t) are pro- 
portionate. Q,; is the traced discharge 
(the traced part of the total 
charge Q, 

Verification:—The effluent tracer 
mass can be determined by two ways. 
It is equal, first, to the value Q,c(0), 
and second, to the value c,Q;(t). The 
two values are also equal, thus: 


dis- 


Cr 


c(t) = Q;(t) 


Q.E.D. 
As the result of combining Equations 
6 and 7 


We 
t(Q;)dQ;......(8) 
where t = t(Q;) is the inverse function 


of Q; = Q;(t). From Equation 8 the 
real mean throughput-time (¢,,) can be 


determined: 


t(Q;)dQ 
Q. 
De te rmination of the Useful Vol imme for 


the Sedimentation 


Proposition:—The shaded area on 
Figure 4 and the useful volume for the 
sedimentation of prizmatic-form basins 
Va are proportionate 

Verification :—The 
is the volume of water particles of 


velocities v, 


“useful volume” 
under the following con- 
ditions: 

(10 
where 


maximum permissible 
for sedimentation, 


velocity 
minimum permissible velocity 
for sedimentation. 


The 
water particles 
flowing with velocities v4 and vg are 
t, and tg. The length of horizontal 
basin of prismatic form is L. Thus: 


It is possible for vp to be zero. 


throughput times of 


(lla 


— 
1104 
jhe 
Q = Qe; ¢= 
7 
4 
| 
JA. tp = 
V7 / 
} 
A 
: 
v4 = 
7) 
at 
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and 4 & | 
I | eee 
£é | 
tp = —.........(11b) | 
UB 
If the value Q;(t,) is designated as Qu 
and the value Q;(tg) as Qz (see Figure = or 
4), can be described: 
= t(Q;)dQ;... . . (12) = AR 
Therefore, the useful volume and the SQAZ°S 


shaded area on Figure 4 are propor- 
tionate. Q.E.D. 


Interpretation of Hydraulic Efficiencies 


By the aid of the Equations 8 and 
12 three hydraulic efficiencies can be 
interpreted : 


n= . (13a) 
13b) 
(13¢) 


The first efficiency is also suitable to 
calculate the effect of short-circuiting. 
It shows the relative proportion of the 
total volume of the basin to the water- 
carrying (active) volume. 

The second efficiency shows the rela- 
tionship of the total volume to the use- 
ful volume for sedimentation design 
purposes. 

The third efficiency shows the rela- 
tionship of the total discharge to the 
useful discharge for sedimentation de- 


Summary of Results from Tests for Hydraulic Efficiencies of Laboratory Settling Basins 


gn pur} = 
Determination of Hydraulic Efficiencies <) 
Settling Basins 
The hydraulic efficiencies of different | 
types of horizontal basins were deter- SSSSSS il ces 
mined by the aid of flow diagrams. 7 ttn Sa 
The tests were made in the laboratory cnesee See 
using models which were scaled 1:10. | 
lap water and methylene blue tracer 
++ 


dye were used. The tracer liquid was 
dosed into the inlet of the model basins 


he 
| 
= 5 a. | 
SPS - 
> o> = om 
en’ ~~ 
| 
SSEZEE | | 
ans 
= 
nit, 
sexece 
=~ aa | 
+ 
> = 
3 
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| 
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FIGURE 5. 


over an extended period (2) (3). The 
samples were taken from the outlet tube. 

Table II summarizes the results from 
six runs of the test Runs 1 
to 3 included three variations of a 
rectangular, prizmatic horizontal basin. 
Runs 4 to 6 used the settling room of 
an Imhoff tank, with a cross-section of 
The water dis- 
ributing inlet systems were different 


basins. 


double-t riangle form. 


for the various runs. 


Test No. 1 used a horizontal basin 
of an earlier type (old type). <A weir 
distributed the influent at the inlet 
The distribution of the influent was not 
uniform. As a result short-circuiting 
was observed in the basin. 

Test No. 2 used an improved hori- 
zontal basin (corrected type). The in- 
fluent was distributed by four “T”’- 
shaped tubes 

Test No. 3 made use of a further 
improved horizontal basin wherein the 
influent distributed by 
spherical baffles (modern type). 

Test No. 4 was conducted in an 
earlier standard Imhoff tank (old 
type). The influent was distributed by 
weirs; however, there 
circuiting. 

Test No. 5 


was special 


was no short- 


was carried on in a 


Flow diagrams for the experimental tests. 


modified Imhoff tank in which the in- 
fluent distributed by six “T’’- 
shaped tubes (corrected type). 

Test No. 6 used a further modified 
Imhoff tank in which the influent was 
distributed by special spherical baffles 
modern type 


was 


The flow diagrams determined from 
the six tests are shown in Figure 5. 

The results amplified the desirable 
the types. 
Figure 5 shows that the water-carrying 
volume of the corrected 
types is larger than that of the older 
types. 


characteristics of modern 


moder h or 


Summary 


1. On the basis of these experiments 
the flow wave 
suitable to 
characteristic from 
the flow wave have no satisfactory 
physical base 

2. It is indicated that the flow dia- 
gram is suitable to determine the hy- 
draulic characteristics of the settling 
The tracer liquid is dosed into 
the inlet of the basin during an ex- 
tended period, thereby obtaining a con- 
centration of lasting intensity. By 
utilizing this procedure the form of the 


was indicated to be un- 


accurate measures. The 


numbers deriv ed 


basins. 


a,” 
VU nn 
‘ > ov ----- ol! 
| i t Zl ~ 
{ (15) tian Jot WU) (S00. 
3, Rect, ar 
fe ) Settling - room of an Imhoff tank 
» 
= 
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increasing part of the flow diagram is 
not influenced by the concentration of 
the dosed tracer. 

3. This flow diagram method is pro- 
posed for use in the hydraulic investi- 
gations of settling basins. By its use 
mathematically and physically defined 
hydraulic characteristics and efficiencies 
may be determined. 
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TRANSFORMATION OF SOME LIPIDS 
IN ANAEROBIC SLUDGE DIGESTION * 


By H. H&EUKELEKIAN 


AND PETER MUELLER 


Department of Sanitation, Rutgers University, New Brunswick, N. J. 


Grease is one of the major com- 
ponents of raw sewage sludge and the 
greatest reduction of volatile matter 
and production of gas is due to the 
decomposition of this component. Be- 
tween the initial raw material and the 
end products innumerable transforma- 
tions take place which are not thoroughly 
understood. The well 
proteins and carbohydrates are trans- 
formed into lower fatty acids, which in 
turn are converted to methane (1) (2 

During acid fermentation grease is 
decomposed to a certain extent, but it 
is not converted to gas; instead it ac- 
cumulates as volatile acids. In alka- 
line digestion these volatile acids do 
not accumulate to any extent and the 
destruction of grease is accompanied by 
production. Acetic, propionic, 
and butyric acids have been shown tc * 
produced during the digestion of sew- 
age sludge (2 

There are possibly two rate-control- 
ling factors in the degradation of fats 
into methane: (a) the adsorption of 
higher fatty acids into the cell at the 
beginning of the reaction chain, and 
(b) the accumulation of volatile acids, 
with subsequent lowering of the pH 
value and resultant inhibition of meth- 
ane fermentation toward the of 
the reaction chain. There is evidence 
that high molecular fatty acids can be 
absorbed intact into the cell. Disper- 
sion of the fats is also an important 
factor in the rate of digestion. 

This paper is concerned with the 
transformation of higher fatty acids 


grease as as 


gas 


end 


* Paper of the Journal Series, New Jersey 


Agricultural Experiment Station, 
University, New Brunswick, N. J. 


Rutgers 


during the digestion of sewage sludge. 
Experiments were carried out with un- 
and seeded mixtures in batch 
and continuous-feed digestions. 


7 
seeded 


Methods 


Special analytical methods to carry 
on this study were developed, adapted, 
and evaluated. These 
been presented elsewhere 
procedure 


methods have 
(3). The 
separation of the 
fatty from 
sludge, separation of the saturated from 
the unsaturated fatty acids, separa- 
tion of the individual saturated fatty 
acids, and their quantitative determina- 
tion. 

The general scheme of analyses em- 
ployed involved (a) the 
sludge by chemical means (MgSQ,- 
(b extraction of the total 
greases, (c) separation of the greases 
into free fatty acids and the acid-free 
greases, (d) separation of the latter 
into unsaponifiable matter and ester 
fatty acids, and (e) analyses of satu- 
rated and free and ester 
fatty acids using chromatography and 
ultraviolet spectroscopy. 


entails 


higher saturated acids 


drying of 


unsaturated 


Unseeded Digestion 


Two experiments with unseeded do- 
mestic fresh solids were carried out to 
determine the changes in the lipid con- 
tent during the acid production stage. 
The changes during the first 20 days of 
digestion of one of these experiments 
are reported in Table [. 

In the initial raw sludge, grease rep- 
resented about 27 per cent of the vola- 
tile Of the 7,420 ppm total 
grease, 3,900 ppm (52.5 per cent) was 


solids. 
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TABLE I.—Transformation of Lipids During 


the Acid Digestion Phase of Unseeded 
Sewage Sludge 


Digestion Time 


0 Days 8 Days 2 


Determination | 
| 


3,900 


1,340 


(ppm) 


cids (ppm) 
ppm) 
acid (ppm) 


ppm) 


acid-free grease and 3,040 ppm (41.0 
per cent) free fatty acids. The acid- 
free grease fraction was composed of 
1,340 ppm (34.3 per cent) of unsaponi- 
fiable matter and 2,560 ppm (65.7 per 
cent There were 955 ppm 
(31.4 per cent) of unsaturated fatty 
acids and 2,085 ppm (68.6 per cent) 
saturated acids in the free fatty acid 
fraction. Monoenoic acid constituted 
97 per cent of the unsaturated acids. 

Digestion during the 20-day period, 
as measured by gas production, total 
solids, and volatile solids reduction, was 
negligible, as would be expected. It is 
significant, however, that the amount of 
total grease did not decrease markedly. 
Despite this, there was significant trans- 
formation of grease as indicated by: 
(a) substantial decrease in the acid- 
free grease, most of which was due to 
the decrease of the esters and only a 
small portion to the decrease in un- 
saponifiable matter (the level of acid- 
free and esters was, however, 
lower after 8 days of digestion than 
after 20 days); (b) substantial in- 
erease in free fatty acids, primarily 
due to the increase in saturated fatty 
acids (the origin of inerease in the 
saturated free fatty acids could be 


of esters. 


grease 
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ascribed to the hydrolysis of esters) ; 
and (c) mono-unsaturated fatty acids 
decreased and were hydrogenated to 
saturated fatty acids, as indicated by 
the decrease in iodine number. 

Thus, the grease fraction undergoes 
transformation during the early stages 
of acid digestion without an appreciable 
loss in grease. The loss of volatile mat- 
ter during this period can be ascribed, 
therefore, to the destruction of organic 
matter other than grease in fresh solids. 


Seeded Digestion 


Two seeded digestion experiments 
were run. Because in the first experi- 
ment the number of samples taken dur- 
ing the digestion period and the num- 
ber of analyses were not as extensive 
as in the second, the results of the first 
experiment are not reported. 

The raw and digested sludges were 
mixed in a ratio of 1:0.7 on volatile 
matter basis. A portion of the mixture 
was set up for gas measurement and 
two 5-gal carboys were set up for 
sludge sampling. The bottles were in- 
eubated at 20°C for 40 days. 

The results are presented in Table 
II in coneentration units of various 
constituents at the beginning and at the 
end of the digestion period, and in Fig- 
ures 1, 2, and 3 as the percentage of 
the various constituents remaining at 


TABLE II.—Lipid Content of the Sludge Mix- 
ture at the Start and End of Seeded Batch 
Digestion 


Total solids (%) 
Volatile solids 
Total grease ) 
free 
(ppm) 

fatty aci ppm) 

Iodine number of unsat. ester fatty acids 
‘ot. unsat. acids of 
Monoenoic acids of esters 

Dieonic acids of esters 

Trienoic acids o 

Saturated ester acids 

Tot. free unsat. fatty acids (ppm) 
Iodine number of unsat. free fatty acids 
Tot. unsat. free fatty acids (ppm) 
Monoenoic free fatty acids (ppm) 
Dienoic free fatty acids (ppm) 

Total free sat. acids (ppm) 

Myristic acid (ppm 

Palmitic acid (ppm) 
Stearic acid (ppm) 


esters 


— 
Days 
pH | 58| 50] 48 ae 
Total solids (% 4.04 | 3.88 | 3.53 ffl 
Reduction (% — | 4.0 13.0 
« ‘ Volatile solids (% 2.74 2.56 2.21 we 
Reduction (%) — | 7.0 13.0 - 
Total grease (ppm) | 7,420 7,320 7,500 — 
Reduction (% 1.0 0 : 
Acid-free grease (ppm) 3,150 3,470 
Reduction (% — | 190 110 
Unsapon. matter (ppm) | 1,320 1,220 
Reduction (% — | 2 | a a 
Esters (ppm | 2,560 | 1,830 2,250 
Free fatty acids 3,040 3,870 | 3,580 
Increase | 27 18 
Iodine numb 32.2 15.7 13.8 
Tot. unsat | 955 651 524 2 Ne 
Reduct 32 45 
Total sat 2,085 3,219 3,056 iat 
Increase 54 46 
Monoenoi | 926 626 498 
Reducti 32 46 ae" 
Dienoic acid 28.6 24.8 26.5 ola 
Reduction | - 13.0 7.0 
Determination | Start | End is 
6.57, 4.68 
4.62) 2.70 
12,800), 6,220 
5,470) 4,743 
3,820 3,810 
1,600; 588 
73| 68 
1,140 406 
350 
114 46 
7| 6.5 
460) 182 
6,200) 1,220 ta 
26 34 
1,760| 380 
1,690, 350 
70| +30 
4,390) 565 
90 15 
1,980) 308 
i= 4 
: 
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various intervals during the digestion 
period. 


Gas Production 


The digestion proceeded normally, as 
indicated by the fact that a gas yield 
of almost 700 ml per gram of volatile 
matter in the fresh solids was obtained 
in 40 days. The daily gas production 
(Figure 1) indicates that a peak oc- 
curred in 6 days and a secondary peak 
in about 20 days. The first gas peak 
occurred almost a day before the mini- 
mum pH value of was reached. 
The pH value recovered rapidly and 
reached a level of 6.8 and above. Vola- 


6.2 


7.0 


pH VALUE 
6.6 | | 
6.4 
62 4 
GASML/G VOL. MATTER 
20 


10 


VOLATILE MATTER 


% REMAINING 


TOTAL} GREASE 


+ 


+ 


|ACID-FREE GREASE 
a 


| 
+ 
| 


DAYS 


FIGURE 1.—pH, gas production, changes 
in volatile matter, total grease, and free 
grease in the digestion of seeded sludge 
mixtures. 
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tile matter reduction was slight during 
the first four days, but decreased there- 
after sharply and fairly steadily until 
at the end of the digestion period it 
amounted to 40 per cent. 
Grease 

The total grease, similarly, did not 
show an appreciable decrease during 
the first four days, but thereafter de- 
creased somewhat irregularly, until at 
the end of digestion only 50 per cent 
of the original amount remained. The 
acid-free greases were reduced by only 
14 per cent during the entire digestion 
period, while the unsaponifiable matter 
remaining (not presented) fluctuated 
erratically within the limits of 100 and 
93 per cent. 


Fatty Acids 


The esters of fatty acids (Figure 2) 
decreased sharply from the beginning 
of digestion up to five days, at which 
time only the original 
thereafter there was 
a slower decrease, which resulted in a 
maximum per cent. 
The total saturated ester acids showed 


50 per cent of 


amount remained; 
reduction of 67 


an initial increase in three days, de- 
creasing sharply to 56 per cent of the 
original amount in five days and some- 
what more irregularly to 40 per cent of 
the original amount remaining at the 
end of digestion. 

Monoenoie acid, which was the un- 
saturated fatty acid present in highest 
concentration, decreased rapidly during 
the first 
per cent of its original concentration, 
with some fluctuations thereafter up to 
the end of the digestion period. 

The iodine number of the unsatu- 
rated ester fatty acids decreased from 
an initial value of 73 down to 62.4 in 
5 days, increased to 80.1 on the 8th 
day, decreased again to a level of 62 
to 64 between the 14th and 24th days, 
and increased to 68.4 on the 30th day. 

The total free fatty acids did not 
undergo a significant change in con- 
centration up to 14 days of digestion 


eight days of digestion to 40 
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FIGURE 2.—Changes in the ester fatty 
acids in the digestion of seeded sludge 
mixtures. 


from an initial of 6,200 ppm to 5,600 
ppm), but thereafter decreased rapidly 
to 20 per cent of the original concen- 
tration by the 30th day (Figure 3). 
The unsaturated acids and their 
major component, the monoenoie acid, 
followed the same trend as the total 
fatty acids. 


tree 


The total saturated fatty acids de- 
creased only from 4,390 ppm to 3,880 
ppm in the first days of digestion; 
thereafter they decreased sharply until 


only 13 per cent of the original concen- 
tration remained at the end of diges- 
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tion. The two components of the free 
fatty acids that were present in the 
highest concentration were palmitic and 
stearic acids and their decrease fol- 
lowed the same trend as the total free 
saturated acids. Myristie acid was 
present only in 90 ppm concentration 
in the initial sludge mixture and it 
fluctuated up and down during the di- 
gestion until at the end, only 15 ppm 
were left. 
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FIGURE 3.—Changes in the free fatty 
acids in the digestion of seeded sludge 
mixtures. 
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Seeded Digestion Discussion 


The results show that unsaponifiable 
matter was not changed. The free 
fatty acids were reduced to a further 
extent than the esters of fatty acids. 
During the first week of digestion the 
esters of fatty acids disappeared 
sharply, whereas the free fatty acids 
remained more or less constant for two 
weeks. The free fatty acids decreased 
during the period when esters of fatty 
acids were fairly constant. These re- 
sults indicate that esters are hydrolyzed 
to free fatty acids, which are added to 
the initial pool of free fatty acids and 
cause an apparent constant level. Be- 
cause there is no increase in free fatty 
acids it appears that free fatty acids 
are being transformed at about the 
same rate as they are being produced 
by hydrolysis. The small but definite 
decrease in total grease can be attrib- 
uted to the gasification of fatty acids. 
A part of the gas production during 
this early period is to be attributed to 
the transformation of fatty acids to 
volatile acids and gas. 

Further hydrolysis of the esters dur- 
ing the period of increasing pH values 
proceeds after the first week more 
slowly, consequently the free fatty acids 
manifest a sharp decline. Gas produc- 
tion during this period is derived pri- 
marily from the conversion of the free 
fatty acids. 

The increase in ester fatty acids be- 
tween the 20th and 24th days, amount- 
ing to 210 ppm (13 per cent), appears 
to be significant and should be at- 
tributed to a synthesis of fats. 

The original fatty acids, as well as 
those derived from the hydrolysis of 
the esters and those derived from the 
hydrolysis of carbohydrates and pro- 
teins, are further transformed to vola- 
tile fatty acids before they are finally 
converted to methane and carbon di- 
oxide (2). 

More than 80 per cent of the total 
free saturated fatty acids were palmitic 


and stearic acids. On a molar basis the 
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palmitic acid was twice that of the 
stearic acid, except at the point of max- 
imum methane production. Within the 
initial period, stearic acid decreased 
while palmitic acid remained fairly 
constant. This could be due to the con- 
version of stearic acid to palmitic, or 
the hydrolysis of esters producing more 
palmitic than stearic acids. 

No laurie acid was detected. Myris- 
tic acid decreased from 90 to 58 ppm 
during the first six days of digestion. 
It then increased to 112 ppm on the 
16th day, then decreased to 15 ppm at 
the end of digestion. The increase dur- 
ing the middle period might be as- 
eribed to the degradation of higher 
acids. Bécause the production and de- 
gradation of these various acids take 
place simultaneously, whether they de 
crease or increase will depend on the 
differences in the rates of their produc- 
tion and degradation. Even the ab- 
sence of an acid such as laurie acid is 
no proof that it is not an intermediate 
step. 


High-Rate Continuous Digestion 


An opportunity arose to study the 
changes in lipids in conjunction with 
the high-rate pilot plant experiments 
conducted by Torpey at New York 
City’s Bowery Bay plant. The details 
of this operation are described else- 
where (4 

Samples of the raw sludge and of the 
sludge after various periods of diges- 
tion in the pilot unit were taken at two 
different times. The raw sludge con- 
sisted of a thickened mixture of 40 per 
cent raw primary and 60 per cent modi- 
fied activated sludge. 

In the first series the loading rate 
was 0.41 lb per cfd of volatile matter 
and gas production was 440 ml per 
gram of volatile matter added in the 
first series. The second series of sam- 
ples was taken when the pilot digester 
was being loaded on 0.88 lb of volatile 
matter per cubic foot of digester per 
day. The total gas production was 600 
ml per gram of volatile matter added. 
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TABLE III.—Concentrations of Sludge Components During 
High-Rate Digestion 


Solids (%) Greases (ppm) Acids (ppm) 
Dig 

Time 
(days) 


, Acid- | Free Ester 
Total | Vol. Total Seem | . Fatty Fatty 


(a) Hich-Rate Dicestion No. 


10,600 4,601 
2,660 | 2,110 
1,722 | 1,009 
1815 | 1,685 


(6) Hiex-Rate Digestion No. u 


9,019 | 19,350 

1,798 | 1, | 1,203 

2,274 546 

2.15 56 2,211 | 5 | 395 407 


Component Concentrations volatile matter was destroyed, while 

The concentration of sludge com- about 8,000 ppm (75 pet come destrue- 
ponents during the various stages of 0m) total greases disappeared in 10 
digestion in the two series of tests is days of digestion. In high-rate diges- 
given in Tables III. IV. and V tion No. II, volatile solids destruction 
' amounted to 56,000 ppm (67 per cent) 
Volatile Matter and Grease while total greases destruction amounted 

It is apparent that most of the de- 26,000 ppm (89 per cent) in the 
struction, both in volatile matter and ‘irst five days of digestion. The free 
total greases, takes place in stage 1. fatty acids were about 90 per cent de- 
For high-rate digestion No. I, about stroyed and the ester fatty acids were 
29,000 ppm (55 per cent destruction) about 70 per cent destroyed during 


TABLE IV.—Concentrations of Individual Free Fatty Acids 
D igestion 


Acid (ppm) 


; ; 
Total | Mono- | Tetra- Sat. | Sat. 
Unsat. | enoic Dienoic Trienoic onake’ | Cale. Det'd, | Palmitic | Stearic 

i | | 


(a) Digestion No. 1 
—- 
1,460 | 1,250 | 137 

193 | 180} 9.2 

63 | 41 | 


| 


i8 0.7} 19 


(6) Hicgo-Rate Digestion No. u 


| 
12,710 | 13,160 | 7,240 | 3, 
| 783] 3 


6,640 | 5.260 70 
405 | 376 | 
240 | 232) 7. 
188 | 181 | 7.2 | | 


i 
1113 
Dig | er 
Stage 
No. | 
Raw 0 | 5.5 | 6.04 4.55 2,261 4,702 | 1,390 aa = 
1 3.12 | 2.05 1,675 589 470 
8 22.5 | 7.4 2.23 1.40 1,170 | 53 280 
9 33.5 17.5] 2.37 1.45 | 1,340 | 84 365 Bi 
Raw 0 10.40 
l 5 4.30 
2 5.67 | 7.4 3.96 | 
4 7 73| 3.64 | wae 
5 
Dig. | Dig ee 
No days) 
Raw | 0 | 33 7 
1 |10 | 384 mi — — 
9 | 33.5 | 928 
22 
Raw 0 38.2 500 4 of ; 
1 5 33.2 351 
2 | 567| 48.8 - 
5 | i tee 
4 7 44.5 | 206 | | 
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TABLE V.—Concentrations of Individual Ester Fatty Acids 
During High-Rate Digestion 


| 3 | 
Todine 
umber | 


Mono- 
enoic 


HicH—Ratt 


195 
204 


289 
106 


stage 1 in both experiments. The un- 
saponifiable matter underwent about 
25 per cent destruction in digestion 
No. I, and about 70 per cent destruc- 
tion at the higher loadings of diges- 
tion No. II. The destruction of these 
components continued during the later 
stages at a much decreased rate. 


Fatty Acids 


The iodine numbers of the free fatty 
acids in digestion No. I increased from 
33.5 to 92.8 at the very end of digestion 
(Table IV In high-rate digestion No. 
II there is also a significant increase in 
the iodine number of the free fatty 
acids. 

The decrease in saturated free fatty 
acids was better than 98 per cent dur- 
ing the digestion; the destruction of 
mono-unsaturated fatty acids amounted 
to 95 to 97 per cent. At the end of 
stage 9 the fraction of dienoiec acids in 
free fatty acids is double the initial 
proportion. The changes in the major 
individual free fatty acids were such 
that the molar concentrations of stearic, 
palmitic, and monoenoic acids, ex- 
pressed as oleic acid, at the end of five 
days of digestion were about 1.3 milli- 
moles per liter, regardless of their ini- 
tial concentration (Table VI). 


Dienoic 


Acid (ppm) 


Tetra- 
enoi 


rrienoix Stearic 


DicEestTion No 


Percentage-wise, the destruction of 
the individual ester fatty acids was not 
as great as that for the free fatty acids. 
The total destruction of the saturated 
fatty acids combined as esters was 80 
to 90 per cent; that of the unsaturated 
fatty acids was about 60 per cent. 
These changes are reflected by an in- 
erease of the iodine numbers from a 
value of 50 to about 90 at the end of 
stage 9. 

At the start of digestion the ester 
fatty acids contain twice as much un- 
saturated as saturated fatty acids. At 
the same time this relative composition 
is reversed for the free fatty acids. 
The ratio of ester to free fatty acids 
also changes during digestion. In the 
fresh solids this ratio was 0.14:1 and 
in the ripe solids from the end (stage 
9) the ratio was 4.35:1. Although the 
iodine numbers of the ester and free 


TABLE VI.—Molar Concentration of Indi- 
vidual Free Fatty Acids During High-Rate 
Digestion No. II 


Digestion 
Time 
(days) 


: 
| | 
Dig. | Die. 
No. | (days) Total | | 
| Unsat. — 
| | | 
(a) Hicu—Rate Dicestion No. 1 

Raw | 0 50.6 802 636 132 10 23 588 
| 99 | OOF ‘ > 
| 10 62.3 | 295 274 13.5 3.2 175 — 
Ree 8 | 22.5 74.9 195 | 165 24.5 2.9 2.9 88 . — 
"aera 9 | 33.5 | 91.1 | 321 | 279 | 37 1.0 1.2 14) - — 
b) 

Te 2 Raw 0 $5.5 | 805 | | 12 7.7 1,455 | 1,569 159 381 
| | oe 2 - 

f 9 315 | 3 2 — 
l 1 315 1.5 250 179 
5.67 73.3 335 | 286 49 0 0 136 
ie i 79.0 | 315 | 282 27 2.1 1.3 92 -- 

: 

| 
Acid (millimoles/] 

Oleic Palmitic Stearic 
| | 
0 18.7 29.2 12.3 
5 13 | 1.4 1.2 
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fatty acids are almost the same at the 
end of stage 9, the relative composition 
of the individual fatty acids differs 
(Table VIT) 


High-Rate Digestion Discussion 


The capacity for high-rate destruc- 
tion during anaerobic digestion depends 
on proper environmental conditions. 
In Torpey’s process these are engen- 
dered by frequent feedings, high con- 
centration of sludge, and stirring. Not 
only do these conditions inerease the 
possible loading rates, but also at higher 
loading there appears to be a higher 
percentage of destruction. Most strik- 
ing about these results is the fact that 
grease destruction is greater at twice 
the loading. This is true for ester and 
free fatty acids, as well as for unsaponi- 
fiable matter. In the seeded digestion 
experiments no destruction of unsaponi- 
fiable matter was observed. Others, 
likewise, found little or no destruction 
of unsaponifiables. Yet there is a defi- 
nite destruction of unsaponifiables ob- 
served during high-rate digestion and 
this destruction increased with an in- 
creased loading. 

The explanation may lie in the facts 
that: (a) small, frequent feedings have 
the effect of increasing the seed-to-feed 
ratio; (b) increased concentration of 
sludge provides more surface for bac- 
terial growth and thus a greater con- 
centration of organisms, and it in- 
creases the buffer concentration; and 
(ec) stirring contributes to the disper- 
sion of the greases and other organic 
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cells and the greases. Thus, at digester 
loadings between 0.1 and 1 Ib per efd 
volatile matter, the destruction of the 
various fat components does not seem 
to be limited by the effect of the 
molecular structures on the metabolism 
of the responsible organisms, but 
rather by the transport of relatively 
insoluble substances to the ecell’s sur- 
face. 

The relative increase in unsaturated 
free fatty acids toward the end of di- 
gestion appears to be due to a greater 
decrease in saturated rather than un- 
saturated fatty acids and to an in- 
crease in dienoic acids. The relative 
increase in unsaturated ester fatty 
acids appears to be due to a greater 
decrease in saturated acids in the be- 
ginning and a net increase in mono- 
and poly-unsaturated fatty acids to- 
ward the end of digestion. 


General Discussion 


The study of some of the lipid com- 
ponents present in anaerobically di- 
gesting sewage sludge was carried out 
under essentially three different sets of 
conditions: (a) unseeded digestion, (b) 
seeded batch digestion, and (c) contin- 
uous-feed high-rate digestion. For the 
unseeded digestion the decomposition 
process ceased after the stage of acid 
production. The design of the high- 
rate digestion experiments was such 
that the initial phases and the phases 
leading to maximum gas production 
could not be studied. The phases fol- 
lowing maximum methane production 


matter. These factors all contribute to and volatile matter destruction, how- 
better contact between the bacterial ever, could be investigated. The seeded 
TABLE VII.—Relative Composition of Individual Fatty Acids 
in Digested Sludge 
] | Acid (%) 
| Sample | Nomber | 
Unsat. Dienoic Trienoic Sat. 
9 | Free fatty | 
acids 92.8 73.6 49.1 21.4 0.8 2.3 26.4 
9 Ester fatty) 
| acids | 
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batch digestion experiments yield infor- 
mation as to what is happening to some 
of the lipids just before, during, and 
after maximum methane production. 

If it is assumed, in accordance with 
Kaplovsky’s (2) conclusion, that the 
differences in rates of all decomposition 
between the three types of digestions 
studied are due only to a difference in 
the environmental conditions rather 
than to a difference in fundamental bio- 
chemical mechanism, then the results 
and conclusions from each experiment 
can be integrated to present a unified 
picture as to the fate of lipids during 
the anaerobic decomposition of sewage 
sludge. The results of this study are 
discussed under the headings ‘‘ Period 
of Acid Production and Liquefaction,’’ 
and ‘‘Period of Gas Production and 
Stabilization.’’ A simplified summary 
of the lipid transformations during 
anaerobic digestion Fig- 
ure 4. 


is shown in 


Period of Acid Production 
and Liquefaction 


The unseeded digestion experiments 


show that no measurable reduction of 
total greases takes place during the 
first 20 days of intensive acid produc- 
tion. Esters are hydrolyzed to higher 
free fatty acids, however, and volatile 
matter is destroyed. During a similar 


Period of Digestion 


Initial Fats 


Hydrolysis 
— Fatty acids, 


Hydrogenation 


Acidification Fats 


Unsaturation 
Gasification 
Lower acids 
Volatile acids 


Gas 


Stabilization 
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period of digestion carried out under 
essentially the same conditions, Kaplov- 
sky (2) found an accumulation of 5,000 
to 6,000 ppm total volatile fatty acids. 
These facts together tend to indicate 
that the initial production of volatile 
acids during digestion is caused by the 
breakdown of organic matter other than 
lipids. In support of this conclusion, 
Heukelekian (5) has demonstrated the 
early and complete destruction of cellu- 
lose and carbohydrates during diges- 
tion. 

Although the total do not 
undergo destruction during the acidifi- 
eation stage, the results demonstrate 
that the free fatty acids undergo a 
transformation. The increase in satu- 
rated fatty acids and the simultaneous 
decrease in unsaturated fatty acids 
(primarily monoenoie acid) indicate 
that partial but rapid hydrogenation of 
the mono-unsaturated fatty acids takes 
place. Hydrogenation of the unsatu- 
rated fatty acids present in ripe sludge 


greases 


also occurred upon mixing of the ripe 
sludge with It is postu- 
lated, therefore, that small quantities 


fresh solids 


of hydrogen are formed, at least in the 
early stages of fresh solids digestion, 
and that this hydrogen, perhaps ad- 
sorbed on surfaces as atomic hydrogen, 


is responsible for the hydrogenation 


Gross Lipid Transformation 


Unsaponifiables 


—- Saturation 


Fatty acids 


— Volatile acids ———> Gas 


Gas 


Synthesis of fats with increased unsaturation 


FIGURE 4.—Schematic summary of lipid transformations 
during anaerobic digestion. 
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of the unsaturated fatty acids. Al- 
though hydrogen has been found in di- 
gester gases only occasionally, and then 
in amounts less than 1 per cent of the 
total gas, the production of hydrogen 
during anaerobic fermentation of vari- 
ous organic substances is a well-demon- 
strated phenomenon (6)(7). 

In seeded digestions, the acidification 
stage is rapidly followed by acid re- 
gression and extensive destruction of 
organic matter, so that some of the 
changes characteristic of the acidifica- 
tion stage alone cannot be observed. 
Even under these conditions, during 
the initial phase the total greases are 
destroyed only about 10 per cent, 
whereas the esters of the fatty acids 
are hydrolyzed about 60 per cent. Al- 
though an initial increase in unsatura- 
tion of the free fatty acids was ob- 
served, there was a decrease in the un- 
saturation of the fatty acids combined 
as esters. The ester acids contain 
twice as much unsaturated as saturated 
fatty acids. Thus, the fatty acids hy- 
drolyzed from the esters have the effect 
of increasing the percentage of un- 
saturation of the free fatty acids. 
Thereafter, the percentage of unsatura- 
tion decreased again, to remain fairly 
constant throughout, until toward the 
end of the digestion period it again in- 
creased. 

The question of whether or not the 
decrease in unsaturation under condi- 
tions of seeded digestion is due to hy- 
drogenation or preferential removal of 
some unsaturated acids cannot be an- 
swered on the basis of these results. 
With the initial decrease of about 300 
ppm total unsaturated fatty acids com- 
bined as esters, an increase of about 70 
ppm total saturated fatty acids occurs. 
The processes underlying these changes 
may be postulated as follows. Initially, 
a portion of the ester unsaturated fatty 
acids is freed by hydrolysis, thus cre- 
ating free unsaturated fatty acids. 
Other unsaturated fatty acids combined 
as esters are hydrogenated and thus 
contribute to the momentary increase in 
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saturated ester fatty acids. Saturated 
fatty acids may also be freed by hy- 
drolysis at this time, but because of 
their relatively small proportion, evi- 
dence of this reaction was not observed. 

A study of the transformation of the 
individual free fatty acids during the 
first stage of digestion shows a differ- 
ence in the behavior of stearic, palmitic, 
and myristic acids. Although the 
stearic acid concentration decreases, the 
palmitie acid concentration, after an 
initial drop, increases and remains at a 
high level. At the beginning of the 
decrease of palmitic acid, the myristic 
acid concentration increases 50 ppm, 
which is equivalent to about 70 per cent 
of the initial concentration. Laurie 
acid does not appear at all. According 
to Green (8), the accumulation of acids 
between C** and C® in chain length 
would not be expected during the beta 
oxidation of higher fatty acids. Thus, 
the rise in palmitic acid, the small ac- 
cumulation of myristic acid, and the 
absence of lauric acid may be consid- 
ered supporting evidence that beta oxi- 
dation of the fatty acids takes place 
during digestion. 


Period of Gas Production 
and Stabilization 


When optimum conditions for meth- 
ane production have been established, 
all the fatty acids disappear rapidly 
and at about the same rate. For the 
seeded digestions, about the same 50 
per cent decomposition of the initial 
quantity of free fatty acids occurred in 
eight days. In the high-rate digestions 
90 per cent removal took place in 10 
days or, at increased loadings, in 5 
days. These observations indicate that 
these fatty acids serve equally well as 
sources of food for the organisms of 
sludge digestion. Similarity in the 
rates of destruction supports the view 
that these fatty acids are degraded by 
the same mechanism. The fact that, 
according to Kaplovsky (2), the max- 
imum accumulation of volatile fatty 
acids occurs at a time during digestion 
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when maximum rate of destruction of 
the higher fatty acids is in progress, 
indicates that the degradation of the 
fatty acids contributes to the accumu- 
lation of volatile fatty acids; this, in 
turn, supports the theory that the fatty 
acids are broken down by the mechan- 
ism of beta oxidation during anaerobic 
sludge digestion. 

If it is accepted that the fatty acids 
are split by the beta oxidation mecha- 
nism, it follows that the dehydrogena- 
tion steps involved are also operative. 
Whether the hydrogen thereby pro- 
duced results in the formation of meth- 
ane by reduction of CO. directly is not 
known. It is known that a methane 
organism can split caproate by means 
of beta oxidation to methane and ace- 
tate, with COs acting as the hydrogen 
acceptor. It is not known whether an 
organism exists that can perform simi- 
lar functions on fatty acids higher than 
caproic. Mylroie and Hungate (9) re- 
cently published that Methanobacterium 
formicicum, which produces methane 
specifically from hydrogen and carbon 
dioxide and does not utilize organic 
acids higher than formic, is abundantly 
present in digesting sewage sludge. 
Thus, it is not necessary to postulate 
that the same organism both dehy- 
drogenates and produces methane. 
While other sludge organisms dehy- 
drogenate fatty acids and other organic 
matter, Methanobacterium formicicum 
probably ferments the hydrogen pro- 
duced to methane. In this way the 
beta oxidation of the higher fatty acids 
could contribute to the formation of 
methane. 

At the peak of CH, production in 
seeded digestion, stearic, palmitic, and 
oleic acids were found to be present in 
a1:1:1 molar ratio. The sample from 
stage 1, high-rate digestion No. II. 
comes from a sludge, producing maxi- 
mum methane. In this sample too, 


stearic, palmitic, and oleic acids were 
found to be present in a 1:1:1 molar 
This observation is very similar 


ratio. 
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to Kapolovsky’s (2) observation that 
at a similar time during digestion of 
unseeded, limed, and seeded digestions 
the molar ratio of acetic to butyric 
acids was almost exactly 1: 4, respec- 
tively. Although no specific explana- 
tion of this phenomenon ean be given 
on the basis of the knowledge at hand. 
these facts point to the existence of 
steady state, which is characteristic 
of anaerobic digestion when environ- 
mental conditions are optimum for 
maximum methane production. 

As gas production decreased in 
seeded digestion, an increase in the con- 
centration of ester fatty acids was ob- 
served. A small increase in this com- 
ponent was also observed in the final 
stage of the high-rate digestion. The 
increase was due mostly to an increase 
in the unsaturated fatty acids. Toward 
the end of the digestions, the proportion 
of unsaturated fatty acids increased in 
both the ester and free fatty acids. 
The samples taken after stage 1 during 
the high-rate digestion experiments rep- 
resent later stages of digestion than the 
last samples taken from the seeded di- 
gestions, as judged by the equivalent 
lapse of time after peak methane pro- 
duction. It has been noted that the 
iodine numbers of the fatty acids in- 
crease steadily and considerably toward 
the end of digestion. These changes 
may be due to the synthesis of cellular 
lipids. Because in a given sludge the 
increase in iodine number apparently 
reflects the stage of decomposition, the 
iodine number might prove useful as a 
parameter for the purpose of evaluating 
the degree of digestion. 


Conclusions 


From the study of some of the lipid 
components present in anaerobically di- 
gesting sewage solids, it is possible to 
enumerate the following conclusions: 


1. The relative compositions of the 
major lipid components found in fresh 
and ripe sewage solids were as follows: 


; 
sat 
sane 
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(a) The total greases of fresh sewage 
solids can contain 40 to 60 per 
eent free fatty acids, 20 to 40 
per cent fatty acids combined as 
esters, and 15 to 20 per cent un- 
saponifiable matter. 
The total greases of ripe sewage 
solids can contain 1 to 20 per 
cent free fatty acids, 5 to 15 per 
eent fatty acids combined as 
esters, and 50 to 80 per cent un- 
saponifiable matter. 
The free fatty acids of fresh 
solids contain 25 to 45 per cent 
palmitie acid, 14 to 23 per cent 
stearic acid, 25 to 30 per cent 
monoenoie acids, and 2 to 6 per 
cent dienoie acids. 

(d) The free fatty acids of ripe 
solids contain 20 to 35 per cent 
palmitie acid, 10 to 20 per cent 
stearic acid, 30 to 50 per cent 
monoenoic acids, and 2 to 20 per 
cent dienoie acids. 

(e) The ester fatty acids of fresh 
solids contain 20 te 40 per cent 
palmitie acid, 10 to 20 per cent 
stearic acid, 20 to 60 per cent 
monoenoie acids, and 9 to 12 per 
cent dienoic acids. 

(f) The ester fatty acids of ripe 
solids contain 10 to 20 per cent 
palmitic acid, 5 to 10 per cent 
stearic acid, 60 to 70 per cent 
monoenoic acids, and 5 to 10 per 
cent dienoiec acids. 

Some fatty acid samples con- 

tained myristie acid from 1 to 5 

per cent, trienoic and tetraenoic 

acids from traces to 2 per cent, 
and traces of laurie acid. 


(b) 


(ec) 


2. Destruction of total greases dur- 
ing the acidification stage of digestion 
was no more than about 10 per cent. 

3. Organic matter other than fats 
contributes mostly to volatile acid ac- 
cumulation during the stage of acid 
production. 

4. Unsaturated fatty acids are hy- 
drogenated to saturated fatty acids dur- 
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ing the acid production stage of un- 
seeded digestion. 

5. Esters of fatty acids are rapidly 
hydrolyzed to free fatty acids during 
the period preceding maximum meth- 
ane production. 

6. The transformations observed in 
the relative concentrations of individual 
fatty acids during the period preceding 
maximum methane production fit with 
the theory of beta oxidation. 

7. Seventy to 90 per cent destruction 
of the total fatty acids oceurs during 
the period of maximum methane pro- 
duction. 

8. Free fatty acids undergo 80 to 90 
per cent destruction; ester fatty acids, 
65 to 85 per cent; and unsaponifiable 
matter, 0 to 40 per cent during anae- 
robie digestion. 

9. The individual fatty acids disap- 
pear at about the same rates during the 
period of maximum production. 

10. At the time of maximum methane 
production the molar concentration 
ratio of oleic to palmitic to stearic acid 
is 1:1:1. 

11. Synthesis of esters of fatty acids 
occurs toward the end of digestion. 

12. Percentage of unsaturation of the 
fatty acids increases with digestion time 
and an increase in iodine number ap- 
pears to be correlated with the extent 
of digestion of a given sludge. 

13. The results support the con- 
clusions based on information from the 
literature that the rate of grease de- 
struction during digestion is limited by 
its degree of dispersion of and contact 
with the responsible organisms, rather 
than by the rate of cellular metabolism 
of the lipids at loadings up to at least 
1.0 lb of volatile matter per cubic foot 
of digester per day. 
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AN APPARATUS FOR THE CONTINUOUS DELIVERY 
OF SMALL VOLUMES OF LIQUID * 


By 


G. C. 


WARE 


Water Pollution Research Laboratory, Stevenage, England 


number of JOURNAL readers, 


deliveries in the laboratory. 


Since published information from outside the United States reaches a limited 
the editors 
previously published articles worthy of reprinting. This is such an item offering 
thoughts to those who have attempted to devise means of providing small liquid 


This paper was originally printed in Laboratory Practice by permission of the 
Department of Scientific and Industrial Research (British). 


feel that from time to time there are 


In experiments on the biological de- 
struction of potassium cyanide it was 
required to dose a small filter with a 
sterile solution of potassium cyanide 
containing some suspended matter, at 
rates between 0.1 and 1 ml per hour. 
Conventional continuous-flow methods 
using needle valves or employing a ¢a- 
pillary tube were found unsatisfactory, 
owing to blocking of the small orifice 
required, and intermittent methods 
such as rotating valves normally used 
for higher flow rates were not easily 
adapted to the micro scale and were 
difficult to maintain sterile over long 
periods. 

In these experiments the solution of 
potassium cyanide was displaced from 
a reservoir by hydrogen and oxygen 
produced by the electrolysis of 0.5 M 
potassium sulfate (Figure 1), a solu- 
tion shown by Lingane (1) to be suit- 
able for this purpose. Rate of gas pro- 
duction and hence rate of flow is pro- 
portional to the current and is theoreti- 
cally 1.671 ml/hr/ma; good agreement 
with this figure was obtained in prac- 
tice. No ozone could be detected in the 
gases produced with currents of up to 

* Reprinted from Laboratory Practice, 6, 
11, 656 (Nov. 1957), by permission of the 


publishers, United Trade Press Ltd., 9 Gough 
Square, Fleet Street, London, E. C. 4. 


one milliampere, but at high current 
densities small traces of ozone were pro- 
duced from the anode. By placing the 
anode in position X (Figure 1) only 
the hydrogen produced can pass into 
the fluid reservoir; interference due to 
ozone and the formation of an explosive 
gas mixture within the system are thus 
avoided. 

Gases were generated at 40 S.W.G. 
(Imperial Standard Wire Gage) 


FIGURE 1.—Electrolytic cell for delivery 
of small volumes of liquid. 
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platinum wire electrodes sealed di- flow the depth-to-volume ratio of the 
rectly into micro-extraction condensers reservoir should be kept small to mini- 
(A), with standard ground-glass fit- mize differences in pressure caused by 
tings, sealed directly to a standard changes in liquid level. 

ground-glass washbottle head (B). Power requirements are small and by 
The reservoir (C) was thus read- the use of dry batteries with a control 
ily interchangeable and little glass- rheostat the whole apparatus is self- 
blowing was required for construction contained and may be placed in an 


of the apparatus. The electrolyte was incubator. 7 
introduced through the open tube of 

the condenser, which also served to Reference 

compensate for changes in atmospheric 1. Lingane, J. J., Jour. Amer. Chem Soc., 


pressure. For greatest uniformity of 67, 1916 (1945). 
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ington, Ill. Harry S. Macon, Clinton Sanitary District, Clin- 
ton, Ill. 


Sept. 


American Public Works Association, Muchlebach Hotel. Kansas 
Oct. 1 City, Mo. Donald F. Herrick, Exeeutive Secretary, American 
Public Works Association, 1313 East 60th St., Chicago 37. 


Oct. 15-17 American Society of Civil Engineers, Hotel Statler, New York. 
N. Y. W.H. Wisely, Executive Secretary, 33 West 39th St.. 
New York 18, N. Y. 


Oct. 20-24 National Safety Congress and Exposition, Conrad Hilton Hotel. 
Chicago, Ill. R.L. Forney, Secretary, National Safety Couneil, 
425 N. Michigan Ave., Chicago 11, TI. 


American Public Health Association, Kill Auditorium, St. Louis. 
Mo. Dr. Berwyn F. Mattison, Exeeutive Secretary, 1790 
Broadway, New York 19, N. Y. 


Water Resources Conference, State College of Washington. 
Pullman, Wash. William H. Knight. Technica] Extension Serv- 
ices, Washington State Institute of Technology, Pullman, Wash. 


Dee. 7-10 American Institute of Chemical Engineers, Netherland Plaza 
Hotel, Cincinnati, Ohio. F. J. Van Antwerpen, 25 West 45th 
St., New York 36, N. Y. 


Sept. 95-26 
4 
Oct. 27-31 
+ 
7 
Nov. 6-7 


Industrial Wastes 


EFFECTS OF RADIOACTIVE MATERIALS ON 
ANAEROBIC DIGESTION * 


I. RADIOPHOSPHORUS 


By WERNER N. Donatp D. BARTHOLOMEW, AND CeEciL I. Hupson, JR. 


Associate Professor and Research Associates, respectively, Sanitary Engineering 


Discharge of radioactive wastes by 
the atomic energy industry and by the 
users of its products has given rise 
to new problems in stream pollution 
control (1). Present day discharge 
levels pose no immediate health prob- 
lem. The continued and expanded use 
of radioactive materials may, however, 
result in increasing contamination and 
radioactive pollution of air and water. 

The Atomic Energy Commission, 
recognizing the hazards, has instituted 
measures of control and maintains rec- 
ords of pollutants. Because of the 
increasing availability of radioactive 
isotopes to industrial, medical, and 
users who may have less 
elaborate facilities for controlling their 
wastes, it may be expected that radio- 
active pollution will become more fre- 
quent and widespread. A survey of 
radioactive waste disposal practices 
(2) showed that more than 40 per 
cent of the users of radioactive ma- 
terials dispose of them by discharge 
into the system. These ma- 
terials, after passing through a sew- 
age treatment plant, eventually find 
their way into watercourses, some of 
which may be used as sources of water 
supply. 


research 


sewer 
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To detect possible increase in the 
radioactivity of streams at an early 
stage, methods of assay must be able 
to detect and to measure low-level 
radioactivity in water (3)(4). This 
requires the determination of activity 
of one-tenth or less the concentration 
of 1 x 10° microcurie (ue) per milli- 
liter or 100 micromicrocuries (pace) per 
liter according to the present tolerance 
limits for alpha, beta, or gamma ac- 
tivity recommended by the National 
Committee on Radiation Protection 


(5). 


Significance in Water and Waste 


To determine which radioisotopes 
are in water or waste, radiochemical 
procedures are employed. The sani- 
tary engineering profession is familiar 
with many chemical and _physico- 
chemical techniques for the separation 
and removal of chemical contaminants. 
The main difficulty with decontamina- 
tion is the extremely low levels at 
which radioactive materials in water 
may present a health hazard. The 
wide range in the maximum permis- 
sible concentrations (MPC) of the 
more hazardous fission product isotopes 
in air and in drinking water, besides 
P*? and Co, is easily seen in Table I. 

The masses of pure radioactive ma- 
terials to be dealt with are very small 
compared with the masses of other 


; 
|| 
pin 
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TABLE I.—Maximum Allowable Concentrations of Radioisotopes* 


Ai 


dicisoton 
Radioisotope (we/ml) 


Ru" +Rh 

+ Ba® 

Ba! 

Cel -4. Pr!“ 
* References: Table 5; (6) Tables I\ 
v dealt with. A million 

mtain only about 8 
the pure radioactive isotope, 
whereas a millicurie of Sr® contains 
about 1 ppm of the material. 
the maximum permissible concentra 
tion of Sr*® in drinking water is about 
two-billionths of this activity, the high 
efficiency of decontamination which 
may be apparent. The 
unique nature of the removal problem 
is therefore when the 
MPC-values are expressed in parts per 
million. 

Conventional waste and water treat 
ment may be effective in 
removing radioactive elements 
It is generally agreed (7) that current 
treatment processes will be useful only 
where the levels of radioactive ma 
terials are in the microcurie per liter 
(ue/l) range. For example, the maxi- 
mum permissible 
Sr®* in drinking water is 7 x 10° 
pe/ml. To illustrate, the extremely 
low concentration involved, the maxi 
mum continuous discharge of Sr*® per 
mitted into a source of water supply. 
based on a removal efficiency of 75 per 
cent through a downstream water soft 
ening plant, would be limited to 2.8 
10-* pe/ml, or 1.2 X ppm. 

It is reasonable to expect that proc- 


wastes gener: 
euries of 


om of 


Because 


needed is 


emphasized 


pre cesses 


some 


concentration of 


Drinking Water 


ppm 


3x10" 
2x10~ 
5x<10- 
1x10 
2x10? 
x 1075 


5X10 
7X10- 
1x10 
5X10! 
10 
x10 
x10 
~10 ~10 
x 5x10 
2X10 
x 10~° 95x10 
2x10-3 2x10 
y 6x10 


and VIII 


esses now removing ealcium, mag- 
nesium, iron, and manganese also will 
be effective in removing radioisotopes 
of the same elements under comparable 
conditions. On the other hand, there 
radio-elements that have not 
dealt with in water 
and waste treatment practices. Many 
of the fission products fall into this 
category 


are mInany 


previously been 


and for such elements, in- 
cluding the rare earths, the efficiency 
of conventional removal practices can- 
not be predicted. Consequently a 
dual problem exists: (a) to establish 
to what extent current treatment prac- 
tices can decontaminate and produce 
a water or effluent meeting a new set 
of specifications, and (b) to develop 
new from experimental 
present techniques 


procedures 
evidence 
fail. 
Originally, conventional water treat- 
ment and biological 
treatment methods regarded as 
especially effective for the removal of 


where 


processes sewage 


were 


Labora- 
tory and rilot-scale experiments (8) 
9) (10) (11) (12) (13) (14) (15) (16) 
(17) (18) (19) (20) provide abundant 
evidence that this optimism was not 
justified without reservations. The 
literature is replete with the results 
obtained from the various 


specific radioactive materials 


processes 


( 5xX1077 
ps 
S35 l 4 10 6 
K# 2x 10-6 
2x1078 
= 17-90 90 9 10 
or r Y 2x10 
oa} 
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that have been investigated, including The results from research investi- 


coagulation, sedimentation and filtra- gations demonstrate that the removal 
tion, addition of clay and metallic of radioactive materials by biological 
dusts, phosphate coagulation, ion ex- concentration from liquid wastes may 
change, softening, and specially de- have only limited application. 
vised procedures. Some radioactive materials are re- 
Thus, problems of water decontami- moved by biological assimilation. Typi- 
nation have held the interest of many cal of this phenomenon is the uptake 
and some definite limits have become of I'** and P** by aerobic sewage treat- 
established. The situation in waste ment methods. Removal efficiencies 
treatment is somewhat different, as for P** vary over a wide range, largely 
evidenced by the fact that there are dependent on the concentration of the 
fewer literature references (21)(22) stable isotope, or isotopic dilution. 
(23) (24) (25) (26) (27) (28) (29). The degree of removal of I'** depends 
Some of the more significant results primarily on the biochemical relation- 
from a number of studies for the re- ship existing between radioactive ele- 
moval of radioactive materials by con- ment and biological system as the 
ventional treatment methods are sum-_ utilization or absorption on biological 
marized in Table II. The only study floc. It appears that where the only 
with anaerobic digestion was per- mechanism of removal is biological as- 
formed at the University of Illinois similation, removal efficiencies will not 
(30). exceed 50 to 70 per cent (7). 


TABLE II.—Approximate Range of Removal Efficiencies 
from Aerobic Sewage Treatment Processes 


Removals (%) 
Radioactive a Remarks 


| Trickling Filter | Activated Sludge | Oxidation Ponds 


[:s 3-85 1-98 | — Degree of removal dependent 
} on conc. of I? present* 
pz 20-30 | 20-30 
3-46> 
Mixed fission 70-85¢ 70-80 | 10-80 | Fraction of activity adsorbed 
product | up to 904 due to high degree of re- 
| moval of individual scarce 
elements 
Sr® |} 11-99 11-99 20 | Presence of Ca and Mg con- 
75-80° | siderably reduces uptake of 
Pu” 75-95 75-80 - 


90! 


* Degree of removal influenced by concentration of stable isotope present: 


(1) 98 per cent removal in presence of 0.001 ppm stable iodide concentration; only 20 
per cent removal in presence of 0.1 ppm of stable iodide. 

(2) The relative concentration between stable and radioactive phosphorus fixes the 
degree of P® uptake from the waste. 


>See (24); from 3.1 to 46 per cent removals by processes employing secondary treatment 
methods. 

*See (25); removals of 2-yr-old fission products from synthetic sewage. Addition to the 
sewage of 100 ppm Versene resulted in complete elution of the previously adsorbed activity and 
reduced removal to zero. This effect also noted in activated sludge treatment. 

4 Up to 90 per cent removal with a recirculation ratio of 3:1. 

* See (15); optimum removal of Sr® at pH values above 8.0. 

‘ Over 90 per cent plutonium removal obtained from laboratory wastes with a three-stage, 
countercurrent activated sludge pilot plant. 
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As an example of surface adsorp- 
tion, Pu**® has been removed up to 
95 per cent by both tricking filters 
and activated sludge (15) (26)(27 
The extent of removal of fission prod- 
ucts depends on the valence state of 
the element, and on the concentration 
of stable isotopes of the element con- 
cerned and of other elements having 
similar characteristics. The role of pH 
was also found to be an important 
factor, as during the removal of Sr*° 

15). Those elements having valences 
of three or will 
be removed to a high degree, whereas 
the removal of Cs'*, with a valence 
of one, will be low. Generally, in 
situations requiring decontamination 
in excess of 90 per cent it is unlikely 
that biological systems are satisfactory. 
Biological treatment also has been sug- 
gested for containing organic 
sequestering agents prior to chemical 
precipitation of the radioactive con- 
taminants. 

Where 


sary to 


more (such as 


wastes 


treatment is neces- 
stream pollution, the 
process may also serve to reduce the 
discharge of radioactive materials into 
the receiving stream and aid in main- 
taining discharges at levels which are 
non-injurious to the environment. It 
will also provide protection 
against accidental discharges exceed 
ing the recommended disposal levels 
5). Furthermore, the need for the 
decontamination of 
sewages and industrial wastes is a pri- 
health problem for those 
cerned with the daily operation of a 
treatment plant. With these excep- 
tions, there is considerable evidence 
that aerobic biological floes and slimes 
have relatively limited capacity to as- 
similate mono- and divalent radioiso- 
topes, particularly those which are sol- 
uble and abundantly present in the 
stable form. 


sewage 


abate 


some 


radioisotopes in 


mary con- 


Purpose of Experiments 


These investigations were under- 
taken in an effort to establish the dis- 
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tribution of radioactivity from di- 
gested sludge, in order to safeguard 
personnel in sewage treatment plants 
from radiation hazards and to set tol- 
erances for the final disposal of liquid 
wastes in with allowable 
concentrations of radioactive materials 
which may enter streams. It was not 
expected that the anaerobic deeompo- 
sludge) would 
lend itself to the high degree of treat- 
ment or decontamination required of 
radioactive wastes to meet the present 
standards (5 


accordance 


sition of sewage solids 


It was necessary, how- 
ever, to definitely establish the level 
at which radioactive materials, such 
as radiophosphorus (P**) and radio- 
iodine (I***), as commonly discharged 
to sewage systems, would exert dele- 
terious effects on the digestion process. 
Since it is realized that a dose in ex- 
cess of 1,000 roentgens is generally 
destroy bacteria (31), 
the sludge at normal 
disposal was not expected, 
but significant effects might be found 
when high concentrations of radioac- 
tive isotopes were added. 

However, in a eul- 
ture, such as anaerobie sewage sludge, 
it is difficult to predict the effects due 
to radioactivity because sludge compo- 
sition and microbiological population 
not fully understood or 
Further complicating this problem are 


necessary to 
sterilization of 
levels of 


heterogeneous 


are known 
the day-to-day variations in flow and 
strength to which the average disposal 
plant is exposed, but which it must 
treat. It was therefore considered es- 
sential to establish 
at which radioactive 
with the 

under various operating 
Should the 
fermentation be inhibited, this might 
result in a higher proportion of the 
radioactivity in the liquid phase and 
thus a larger portion of the activity 
being discharged to a river. In the 
ease of other isotopes a greater per- 
centage of the activity might become 
lodged in the sewage solids, which are 


the concentrations 
materials would 


interfere digestion process 


conditions. 


process be upset, or 


| 

; 
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dried subsequent to treatment and 
often used as fertilizer or as a soil con- 
ditioner. The potential hazards of en- 
vironmental contamination are clear. 
It therefore became necessary to de- 
termine the relative concentration of 
radioactivity between the liquid and 
the solid component of the sludge after 
treatment for those cases where radia- 
tion effects had inhibited the proper 
functioning of the process; as well as 
for insufficient activity 
was added to destroy the microorgan- 
isms or otherwise inhibit digestion. 
From a comparison of these results 
the degree of decontamination afforded 
by anaerobic decomposition could then 
be levels 


where 


Cases 


below 


assessed at radiation 
damage, as well as the decontamination 
factor attainable from sludge digestion 
when the normal process was destroyed 
radiobio- 
In the latter case the 
process would revert to a slurrying op- 
eration and any uptake of radioactiv- 
ity would be primarily by contact 
adsorption rather than by biological 
assimiliation or uptake. 


due to radiochemical and/or 


logical damage. 


Variables and Parameters Measured 


A number of qualitative parameters 
were measured to evaluate the effects 
(P**) and radio- 
anaerobic digestion. 
Quantitative measurement of the gas 
production is a time-proven and prac- 
tical measurement of progress of di- 
gestion. The rate of gas production 
or the reaction velocity constant, k, 
was obtained by least square analysis 
of fitting the data to a first-order re- 
action as an engineering approxima- 
tion (32) (33 Simultaneously, the 
analysis also yields a value for ulti- 
mate gas production. The efficiency 
of gas production was expressed in cu 
ft per pound of volatile matter de- 
stroyed and the percentage reduction 
of volatile matter. 

In addition to gas production data, 
volatile acids produced by the sludge 
were measured both at the beginning 


of radiophosphorus 
iodine ps on 
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and at the end of each laboratory run. 
According to Buswell (34)(35), the 
volatile acids, which are intermediates 
in the decomposition of higher com- 
pounds, must not exceed a predeter- 
mined value, usually 2,000 to 3,000 
ppm (calculated as acetic). If the 
volatile acid value is allowed to rise 
much above 2,000 ppm (as acetic), 
gas formation drops off, the quantity 
of acids increases rapidly, and usually 
within 24 to 48 hr all fermentation 
ceases. If digestion is impeded be- 
too much organic matter, or 
if a toxicant destroys microorganisms 
and therefore inhibits digestion, the 
formation of volatile acids (combina- 
tion of formic, butyric, propionic, and 
acetic acids) will increase. When di- 
gestion proceeds satisfactorily the con- 
centration of volatile acids generally 
does not exceed several hundred ppm. 
Therefore, changes of volatile acids 
concentration would be another indi- 
eator if the presence of radioactive ma- 
terials inhibits the process. 

It was considered important to ob- 
tain a continuous measurement and 
record of pH to study the progress 
of digestion and to compare radio- 
active sludges with corresponding con- 
trols. Because it is known that tem- 
perature exerts a distinct influence on 
the rate of digestion (36) (37), con- 
stant temperature conditions had to 
be maintained. To follow any varia- 
tion of temperature this variable was 
recorded on a continuous 24-hr basis. 
The determination of total and vola- 
tile solids was in accordance with 
‘*Standard Methods”’ (38). 

The measurement of these variables, 
including pH, volatile acids, and solids 
in the sludge, is normally done by tak- 
ing samples from the digesters. How- 
ever, with 16 digesters this procedure 
would have entailed a great deal of 
routine daily work. Therefore, it was 
deemed desirable to measure as many 
of the qualitative variables on a con- 
tinuous basis as possible. This was 
not only desirable, but a necessity 


cause of 


| 
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with small laboratory digesters 
capacity ) 


(2-1 
which, if samples had been 


withdrawn daily, would soon have been 
depleted of sludge. Furthermore, daily 
withdrawal of samples from the radio- 
active digesters would have exposed 


the personnel to more radiation than 
was considered prudent. 

Continuous measurement of as many 
of the important variables and the 
development of new _ qualitative 
parameters to indicate other condi- 
tions in the digester, was a natural 
outgrowth of these considerations. The 
three techniques applied in this re- 
search were liquid conductivity to 
measure the breakdown of solids with 
digestion progress, oxidation-reduction 
potential to indicate the reactivity of 
the substrate, and qualitative analysis 
of the gases of decomposition by 
chromatographic methods. It was an- 
ticipated from the start that the de- 
velopment of these new techniques 
might also lead to their application to 
evaluate the effects of other than radio- 
active wastes and for operational con- 
trol of the anaerobie digestion proc- 
ess. 


Conductivity 


Although the routine determination 
of total and volatile solids in sludge 
is possible but subject to considerable 
error (36), the analysis for suspended 
and dissolved solids of sewage sludge 
is even less satisfactory. Present meth- 
ods are time-consuming and lack re- 
producibility. From preliminary ex- 
periments (39) it appeared that meas- 
urement of the liquid conductivity of 
sludge may be used to interpret the 
degree of breakdown of sewage solids 
as digestion proceeds. 

The determination basically consists 
of a resistance measurement of a stand- 
ard column of solution. It is 
formed with an a-c Wheatstone bridge 
to avoid changes in 
adjacent to the electrode or polariza- 
tion. Specifie conductance is the re- 


per- 


composition 
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ciprocal of the resistance in ohms of 
a l-cm cube of liquid at the specified 
temperature in mhos. A plot of spe- 
cific conductance with an electrolyte 
concentration at constant temperature 
starts almost linearly, rises with con- 
centration, and gradually decreases in 
rate until a maximum is reached. Be- 
cause temperature greatly influences 
the conductance, the former should be 
recorded simultaneously. The labora- 
tory raw, partially 
digested, and completely (90 per cent 
or more 


measurements of 


digested sludges have indi- 
eated conductance values of approxi- 
1,000 to 2,500, and 5,000 
micromhos/em, respectively. 


mately 


Oxidation-Reduction Potential 


Many of the chemical and biochemi- 
eal processes encountered in 
and industrial waste treatment can be 
described fundamentally as oxidation- 
reduction systems. Although the meas- 
urement of the oxidation-reduction po- 
tential does not itself explain the na- 
ture of the systems at work, it is useful 
in the magnitude and 
character of process changes. 

The oxidation-reduction potential of 
a system, referred to the hydrogen 
electrode, is expressed by E,. The 
greater the proportion of reduced sub- 
stance present, the lower the value of 
E,; conversely, the greater the pro- 
portion of oxidized the 
higher will be the FE, value. Hood 
(40) found that when the molar con- 
centrations of oxidant and reductant 
are equal, E, = E,, in accordance with 
the following equation: 


sewage 


evaluation of 


substance, 


RT [Ox 
tn = Ey + nF [Red] 


Evaluating the thermodynamie con- 
stants and taking into account the 
difference between common and Na- 
perian logarithms, the expression for 
the measured potential FE, referred to 
the hydrogen electrode and at 30°C 


a 
3) 
Mite 
° 
| 
= 
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becomes: 
: 0.06 [Ox] 
E, = Ey + log [Red] (2) 


where m represents the number of 
electrons that participate in the po- 
tential system. 

The 
urable 


hydrogen ion exerts a meas- 
effect on the redox potential 
(41 If the results from the po- 
tential measurements are to be prop- 
erly interpreted, pH values should be 
obtained concurrently. Redox poten- 
tial can be measured with a potentio- 
meter, a platinum, and a standard 
electrode, usually a satu- 
rated KCl calomel cell. Measurements 
of the redox potential in an actively 
digesting mixture of sludge show a 
potential falling from +100 mv to 
— 400 mv, indicating the presence of 
strong reducing conditions. An ORP 
electrode system has been developed 
in which the large area platinum 
electrode, in combination with rapid 
flow, effectively eliminates solution 
polarization (42). The design of the 
flow cell is unique, because it repre- 
obstruction to flow. This 
has been used for the con- 
measurement of oxidation-re- 
duction potentials in sludge for pe- 
riods up to 150 days without any 
measurable polarization. Reproduci- 
bility of standard potentials within 
+5 per cent has been achieved. 


reference 


sents no 
cell 


tinuous 


flow 


Chromatographic Gas Analysis 


Gas chromatography was applied to 
these investigations to resolve the com- 
ponents from sludge gas mixtures con- 
taining about 60 per cent CH, and 30 
per cent CO,, and smaller fractions 
of H,S, NH,, N,, and water vapor. 
The purposes of qualitative and quan- 
titative gas analysis were as follows: 


1. To determine the relative concen- 
tration of methane and carbon dioxide 
at optimum digester performance and 
to check on the calorific value of the 
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gas in the presence of various concen- 
trations of radioactivity. 

2. To identify and separate the 
various components of the gas mixture 
and to determine if any of the gaseous 
components become radioactive during 
digestion and possibly pollute the 
atmosphere. 


Basically the chromatographic ana- 
lyzer, previously described in more 
detail (43) (44), consists of a thermal 
conductivity cell in which a compari- 
son is made between the temperatures 
of two electrically-heated filaments 
based on the difference of thermal 
conductivity between an unknown sam- 
ple and a known standard gas; a 
column which separates the mixture so 
that the various components arrive at 
the detector at different times; a sup- 
ply of carrier gas under pressure to 
push the sample through the system; 
and several auxiliary pieces of equip- 
ment such as flow meters, sample in- 
jection system, amplifier, and recorder. 


Radioassays 


To determine the distribution of the 
radioactivity in the liquid, solid, and 
gaseous phases of digesting sludge, it 
was necessary to employ specific count- 
ing techniques for each. 

Direct counting of the liquid phase 
from a digester was done with a 
Marinelli beaker. The beaker was 
equipped with a dip-type counter and 
standardized for P* and How- 
ever, this method is better suited to 
the detection of gamma, rather than 
beta emitters. Laboratory assays to 
determine the concentration of activity 
in the solid phase were carried out 
by the evaporation technique. This 
method was also employed to analyze 
the liquid phase activity and to check 
on the Marinelli beaker technique. 
Therefore, the evaporation technique, 
rather than the Marinelli beaker, was 
used in determining most results. 

Because of the relatively low activi- 
ties in the gas phase, rather delicate 
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analytical techniques were necessary. 
The direct counting of radioactive 
gases was accomplished with a ‘‘con- 
tinuously flushing ionization cham- 
ber.’’ vibrating condenser-type 
electrometer * has recently become 
available and will be used as a con- 
tinuous monitor when C*™* is 
studied. 


gas 


Experimental Method 


The fresh and digested sewage solids 
were obtained from the primary sedi- 
mentation basins and secondary di- 
gesters of the Clayton and Egan sew- 
age treatment plants, Atlanta, Ga. 
The Clayton plant provides treatment 
for approximately 45 mgd of pre- 
dominately domestic sewage. The 
Egar. plant, with a standard-rate filter, 
provides complete treatment for 1.5 
mgd of domestic sewage. 


Using sam- 
ples from both plants varied the sub- 
strate to lend more general interpreta- 
tion to the experimental results. 

The sludge mixtures were prepared 


in the laboratory as soon as possible 
after collection at the plant, propor- 
tions of raw to digested solids being 
based on volatile matter content. To 
measure ORP, pH, and conductivity 
on a continuous basis, it was necessary 
to recirculate the sludge to 
polarization of the electrodes. 
this purpose specially blown glass di- 
gesters were provided with inlet and 
outlet Tygon tubing with %¢- 
in. ID was used for the recirculation 
flow line and proved quite satisfactory 
The sludge was pumped by a specially 
designed hose-pump (45) and modified 
for sludges with concentrations of 4 
to 8 per cent total solids (42 The 
requirements for the pump were quite 
stringent, as the sludge had to be 
moved through three electrode as- 
semblies (ORP, pH, and conductivity 
and returned to the digester without 
any changes in the substrate. 
of CO, and CH, could not be tolerated 


*Dvynacon Electrometer, 
clear-Chicago. 
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and the entrainment of any air to the 
anaerobic system had to be prevented. 
Furthermore, extreme caution had to 
be exercised to prevent radioactive 
sludge escaping from the recirculating 
flow system at concentrations as high 
leak 


con- 


as 0.8 curie/liter, because any 
would have produced hazardous 
ditions. 

The velocity of the sludge to prevent 
solution polarization was found to be 
critical for the redox potential cell. 
A velocity of about 5 fps was necessary 
to prevent polarization. Continuous 
recirculation of the sludge to flush 
the cells was unnecessary and a sched- 
ule of pumping four times daily for 
30 min was found to be adequate. 

For economic not 
possible to equip all 16 laboratory 
digesters with these electrode systems. 


reasons it was 


Complete instrumentation for each di- 
gester cost about $500, including am- 
plification of cell signal and a single 
record on a multiple point recorder 

Observations from a minimum of 12 
digesters were considered necessary so 
that the ild lend itself to 
statistical analysis. Therefore, 12 were 
treated as batch dig 
data homogeneous. In the other four 
digesters the sludge stirred (re- 
circulated) to evaluate the effects of 
radioactivity during mixing and to ob- 
tain a continuous record of pH, ORP, 
and conductivity. 

Therefore, most laboratory runs con- 
tain data from 16 digesters, 12 of 
which were treated as batch digesters. 
Results from the recireulated 
sludge digesters directly 
compared. 

To prevent 


data wo 
esters to make this 


Was 


four 
cannot be 
clogging of the flow 
lines, all had to be sereened 
(14-in. mesh) before charging the di- 
gesters. This procedure unfortunately 
entrained a great deal of air in the 
sludge, which worked to the detriment 
of early ORP observations; but this 
experimental disadvantage was over- 
ruled by the absolute requirement of 
preventing all possible flow-line breaks 
when dealing with radioactive sludge. 


sludge 


APs 
H 
3 
: 
RY 
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TABLE III.—Experimental Conditions, Gas Production, and Volatile Matter 


Reduction for Radiophosphorus (P**) Studies 


Experimental Conditions 


Sludge 


Vol. 
(ml) 


900 


Cone 
(ppm) 


Sludge 
Mix- 
ture 


14,300 | 


28,600 | 


57,200 | 


114,000 
100 
229,000 | = 
— | 800 
14,300 | 
- | §0 
57,200 | - 
200 
0.55:1 


* Leaks found in gas system. 


> Solids determination, no volatile matter reduction. 


gas produced. 


4 Pump line 
Glucose. 


KH2PO,. 


| MI per 
| em 


Total Gas Prod. 


| Cu ft per 
Ib V.M. 

der 

Added stroyed 


18.63 | 
18.43 | 

47.25 | 


| 288.13 | 
| 272.63 


74.15 | 
17.41 
20.55 
9.53 
19.47 


16.12 | 


4.38 


broke, spilling contents. 


Period | Dig. | | | ol. 
Run | Date | Ne Cone — 
30 |7/19/56) 1 | 700 | 19:9] 75 | — - | —|- 
| 2 | 19: | - — 
8/21/56, 3 | | 3: | - | = 
6 | | 1.5: — : BS 
| | 8 | l 1405.73; — | — 
| 9 | los: - — 
| 10 | 0.5: 1 | 32418) — 
ll | 0.25: — — |273.97| — 
12 | — | 1 |25573] — | — 
| 13 | | — | 00) — 
| il | 1 | 2273) — _ 
| | 15 - — | — an 
| 16 — | 1 | 9496) — — 
71 |8/23/56} 1 | 700 | 1| so | — | — |1469 | 7.09 | 33. 
| — | — | 140.9 | 5.07 | 444 
| 11/2/56) 3 | | ae — | 2496) 2.54 | 15.6 
| 4 = 50 2.33 | 50.6 ik 
| §& 1.43 | 19.3 
100 | 1.29 | 25.4 
8 200 1.82 | 17.0 Soe 
| | 10 | | 3.46 
| 12 mm 0.52 | 13.5 ne 
| 13 | 1450; —> | — 
| 14 | 17.83) 1.13 | 25.1 ce 
| | 11.28] 1.00 | 17.9 
1} 27.04 | 4.28 | 10.1 
IV} 95 1 | | 145 | 0.635 | 36.4 
2 | | | 258 | 1.185] 345 
2/5/57, 3 | 7,930 | — | 96.15] 262 | 360 
- | O91 | 248.11} 15.45 | 24.7 
| 5] | | | 15,900 - | 1.64] 0.100} 21.9 
| — | 182] 5.77| 587 | 16.7 
| 7 31,800; — | 1.26, —> | — 
| 8 | | | | — | 364] 3.18| 0.267 | 19.3 a 
| 9 ren 63,600; — | 121} | — 
10 - 7.29) 1.74) — | 
| | | 128,000} — | 022 | | 
i2 | | | - | 14.58 1.84 | 0.224 | 13.1 
| 13 | | 7,930 —- | 2.97] 0.235) 20.3 bet 
| | 14 | | | 207] | 
| 16 | - | 3.64 2.68, —> | — 


* Leaks found in gas system. 
» Solids determination, no volatile matter reduction. * Glucose. 


* No gas produced. 
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TABLE IIl.—Continued 


Experimental Conditions 


Sludge | Sludge 
Vol Mix 


(ml) ture 
700 
| 
800 
29,600 
, 100 
600 
7,390 


80.4 
80.4 
80.4 
75,000° | 80.4 


15,8005 


KH2PO,. 


September 1958 


Total Gas Prod. 


Added 


296 

152 

111 
61.2 
39.5 
64.5 
18.‘ 


11.: 
13.! 


98.0 
117.8 
0.1 


102.8 


4 Pump line broke, 


Cuft Matter 

Ib V.M (%) 
De- 

stroyed 


12.87 
6.63 


0.90 
2.27 


0.00 
0.14 


0.02 
0.02 
1.06 
0.00 
20.23 
4.05 
5.42 
0.00 


4.65 
0.01 
0.02 
0.42 
8.72 
0.02 
| 0.82 


spilling contents. 


| Period | | Dig. j Vol 
Run days) Date | No 
31 (|2/23/57) 1 | ag9 
| | 9 
1/2/57| 3 8.62 | 20.6 
a 4 | | 6.29 | 15.6 
5 | 218 | 25.6 
(inden 6 3.68 | 28.1 
3 | 181 
9 1.14 | 15.6 
10 5 | 261 8.4 
oe 11 6.6 1.41 7.5 
12 | 1.6 0.20 | 11.9 
“eee | 13 31.0 | 2.93 16.9 
| | 16 + S4.t M4 15.6 
oe VI| 66 (4/13/57 1 1.400 | 0.5:1 85 123.8 9.30 21.3 
| 6/18/57 | 170.3 4.04 37.0 
a 4 | - |220.4 | 7.10 | 49.7 
a aes | | 5 | | | 12,400 33.6 | 3.11 | 17.3 
Pete: | 6 | | | 12,400 12.7 | 3.49 | 19.6 
7 | 12,400 9.8 3.57 
a | | 8 | 12,400 31.5 | 3.15 | 16.0 
65.4 38.9 252 | 24.7 
: | 10 | 65.4 52.5 2.07 40.7 
19. 11 65.4 | 35.4 1.28 | 443 
es ae | 12 65.4 28.8 1.67 | 27.7 
= | 13 67.3 > | 
ae | 14 18.0 | 1.52 | 19.0 
| | 15 12,400 18.4 | | 32.7 
65.4 35.0 24.7 
eae | | 17 | 400 11,720 0.1 Py | 32.7 
ae | 18 | 400 J | 50 2.7 | | 31.7 
VII | 21 | 7/1/57; 1 | 1,556 | 1.2:1| 87 0.3 | | 30.7 
| ‘ 218 
7/22/57| 21.8 32.9 
oes | | 4 75,000° 0.1 42.9 
ee 5 | 15,800! 142.4 11.2 
6 15,800! 38.8 
| | | 75,000 | - 
| | 9 | | 35.3 
<n | | 10 | a 0.3 | 39.1 
| | 2.0 | 74.7 
13 | 1,400 ~ 0.7 
| 14 | 1,400 | | 108.2 | 19.9 
| 15 1556 | | 0.3 | 30.8 
16 1,556 | 4 | 80.4 6.5 | 12.7 
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TABLE IIl.—Continued 


Experimental Conditions Total Gas Prod. | 

_|—_—_ 

days) | No. Sludge Inc. Cone. Cone MI per | 

fol. | Mix- | Temp. | KH:PO. | P® |gm V.M. 
(ml) | ture (°F) (ppm) (me/l) | Added | stroyed 

VIII | 42 |7/23/57| 1 | 1,910 |1.5:1) 85 | — - | 16.76 | 0.71 | 37.68 
2 — | | 319 | 1078} 47.25 
| 9/2/57| | — | - 35.5 | 1.727| 32.72 
4 | | | 30,9000; — | 844] 0.521 | 25.86 

5 | 6,470'} — | 243 | — 
6 6,470'| — | 70.13| 4.804] 23.32 
7 ew 6,470'| — 44.58 | 4.503 | 15.80 

8 6,470'|  — 725| — —> 

30,900; — | — | — 
11.6 | 31.70} 1.185 | 42.72 
10 | — | 11.6 | 13.09] 0.478 | 43.80 

11 | — | 116 6.02 | 0.568 | 17.41 
| | | 30,900 | 11.6 | 862] 0.351 | 39.20 

13 | 1,750 | 1.9:1 — | — | 67) — — 
14 | 1,750 | 1.9:1 | — | — | 41.87 | 1.376 | 48.72 

15 | 1,910 | 1.5:1 | 6470| — | 872) — —»> 
16 | 1,910 15:1) — | 116 | 642] 0.764 | 12.53 

* Leaks found in gas system. 4 Pump line broke, spilling contents. 
> Solids determination, no volatile matter reduction. * Glucose. 


* No gas produced. 


Experimentation was performed 
with samples composed of 800 to 1,600 
ml of sludge, depending on the con- 
centration of radioactivity to be stud- 
ied. To eliminate one variable and to 
strengthen the results, all digesters 
were immersed in the same tempera- 
ture bath beginning with Run VI; be- 
cause water bath temperature was con- 
tinuously recorded, any variation in 
temperature would affect all digesters 
identically. The incubation tempera- 
tures for each run were chosen just 
below or within the optimum meso- 
philic range, which has been variously 
reported (36) (37) (46) to extend from 
81°F to 98°F. A complete schedule 
of the experimental conditions for all 
laboratory runs with P**, including 
gas production and volatile matter re- 
duction, is shown in Table IIT. Be- 
cause most of the gases of decomposi- 
tion are partially soluble in water, 
especially carbon dioxide, equilibrium 
saturation of CO, was maintained and 
1 ml of phosphoric acid was added to 
the water in each gas collector to 


KH.PO,. 


reduce experimental error 
quantitative gas measurement. 

Gas production from all digesters 
was observed daily and all gas vol- 
umes were corrected to standard condi- 
tions (0°C and 760 mm Hg). This 
data reduction was necessary to be 
able to compare cumulative gas vol- 
umes and to plot cumulative gas pro- 
duction curves. 

The composite of reactions involved 
in the anaerobic stabilization of the 
complex organic matter in well-seeded 
sludge may be characterized by a first- 
order reaction. The application of this 
type of equation is based on the as- 
sumption that the reaction velocity k 
is a function of the organic matter 
remaining to be decomposed : 


during 


in which 


y = the amount of gas produced in 
time ft; 


gt 
1133 
— 
| 
. 4, 
| 
Prd 
| 
ee 
pez | 
dt 
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total amount of gas generated dur- 
ing digestion ; 
¢ = reaction velocity constant; and 
= time, in days. 


Integrating the differential form be- 
tween the limits of t=0 and t=t, 
the equation becomes: 


y = G(l — 10-*! 


In general, Eq. 4 describes anaerobic 
digestion adequately. If the amount 
of seeding material is small compared 
to the raw concentration, an 
S-shaped, or autocatalytie, gas produc- 
tion curve is obtained. After an in- 
itial lag phase the rate of gas produc 
tion increases until about one-half of 
the total amount of gas is generated. 
The rate of gas production then dé 
creases. 

To formulate the cumulative gas 
production where a seeding lag is pres- 
ent, Fair and Moore (32) used the 
autocatalytic equation containing two 
reaction velocity constants as shown 
by the differential form: 


solids 


y) y + ke(G — y). . (5) 


As an alternate approach, they sepa- 
rated the S-curve into two parts; the 
first to follow an exponential equation, 
and the second to follow a first-order 
equation. To formulate sludge diges- 
tion, autocatalytie reactions are often 
treated by neglecting the lower bend 
of the S-curve and fitting the upper 
part of the curve as a first-order reac- 
tion starting at some time later than 
‘= This is equivalent to extra- 
polating the origin of the curve to the 
end of the seeding lag at t=0. The 
interval between the origin and the 
extrapolated point is called the lag or 
time lag. Thomas (47) formulated the 
first-order reaction to include a time 
lag by the following expression : 

y = Gf — 
= G(1 — C 10-**).. (6) 


where tf) = time lag and ty) = k log C. 
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During most of the experimental 
runs described, only the second part 
of the applied the 
time lag and the exponential phase did 
The is that the 
amount of seeding material 
was large as compared to the amount 
of digestible matter added. 

The value of the reaction velocity 
constant found by Fair and Moore 
(32) for the second part of the curve 
was k 0.073 (base 10) at 95°F, 
which is comparable to the value of 
k = 0.109 as obtained in this study 
From a recent study, Schulze (48) re- 
ported an k-value of 0.061 
without any appreciable lag. The main 
object in fitting sludge digestion data 
to a first-order reaction constant, k, 
and ultimate gas production, G, was 
to obtain valid parameters with which 
to compare the influence of radioactive 
materials on sludge digestion and 
which could be subjected to statistical 
analysis to test the significance of any 
real differences 
of observations 


S-curve because 


not develop. reason 


relative 


average 


a large number 
from which an in 
terpretation of effects could be made 


from 


To insure the validity of any con- 


clusions based on statistical analysis, 
to include an equal 
control 
effect 


it Was necessary 
number of digesters to dis 
tinguish any due to chemical 
toxicity which might result from the 
radioactive waste. During the experi- 
ments with P**, the 
tions of potassium di-hydrogen ortho 
phosphate (KH,PO, added to 
insure valid controls. 

It may be observed from Table ITI 
that the equivalent concentration of 
KH,PO, for control digesters varied, 
even though the levels of P* 
between 


conecentra- 


same 


were 


activity 
remained the 
due to 


successive 
This variation 
changes in specifie activity 


runs 
same. was 
me/z) be 
tween radiophosphorus shipments from 
Oak Ridge National Laboratory. The 
estimated yield from a standard re- 
actor unit containing 31.0 ¢g of 
KH.PO, is 200 me of P*®* after 28 
days of irradiation (49). With higher 


| 
5 
( 
4 
dy 
—=f;,(G — 
i(G 
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TABLE IV.—Determinations of pH in Sludge with Increasing Concentrations of KH»PO, 


Nominal Cone | KH:PO 
of P® for | Requized for Test 
in | 4 with 50 ml Sludge 
Run Il m1) th 50 ml Sludg 
mc/1) = | (¢/50 ml) 
0 0 0 
50 | 10 0.7 
100 20 1.4 
200 40 2.8 
100 | 80 5.7 
800 160 11.4 


Measured pH Values 

Cone. | 
of KH:PO, 
| (ppm) 


Test 1 | Test 2 
0 635 | 64 
14,280 | 5.80 6.1 
28,560 5.82 5.90 
57,120 5.59 | 5.75 
| 114,240 | 5.2 | 5.4 
| 2298480 | 5.1 


corrected to allow for a time lapse of almost three days between ORNL assay and dosing of 
digester, equivalent to a decay of 0.2 Tj, so that only 88 per cent of the original activity was left. 
This increased the salt concentration relative to the activity. 


flux densities (5*10" to 10% 
neutrons/sq em/sec) in the Oak Ridge 
graphite reactor during the irradiation 
period, as much as 125 me of activity 
per reactor unit in one week is pos- 
sible. Therefore, depending on the 
period available for irradiation and 


flux setting, besides location of the 
target material and other substances 


in the immediate vicinity in the re- 
actor, different specific activities were 
obtained. Because the levels of radio- 
phosphorus in the digesters were based 
on total activity, the equivalent con- 
centration of KH,PO, added to the 
controls had to be varied with each 
run. The most economical way in 
which P** could be shipped was in the 
carrier salt form. Preliminary experi- 
ments were conducted to establish the 
approximate pH values that could be 
expected due to the high concentra- 
tions of KH,PO,, which would have 
to be added to the control digesters. 
Table IV shows that with concentra- 
tions as high as 228,500 ppm (22.85 
per cent), the pH value will drop to 
5.1 due to the salt. These results 
were obtained with duplicate sets of 
50-ml samples of the same sludge mix- 
ture as used during Run ITI. 


Experimental Results with P** 


Gas Production 


Representative curves of the results 
of cumulative gas production in milli- 


liters per gram of volatile solids added 
are presented in Figures 1 and 2. To 
present similar curves for all other 
experimental digesters with activity 
concentrations within the same range 
would be impractical. Therefore, only 
typical curves are presented. 

Figure 1 shows the effect of increas- 
ing concentrations from 50 me/1 to 800 
me/1 of radiophosphorus (as KH,PO,) 
on gas production. These curves are 
composites from Runs III and V. Both 
runs are comparable because approxi- 
mately the same concentrations of P*? 
were studied and similar temperatures 


were maintained. In Figure 2 the 
effect of increasing concentrations 


from 0.74 to 5.9 per cent of stable 
KH,PO,, added to the control digesters 
during Run V, is shown. These con- 
centrations were equivalent to the P* 
activity levels between 50 me/l and 
400 me/l. It may be noted that be- 
ginning with 50 me/1 of P** a consider- 
able reduction of gas production ap- 
peared, as compared with the results 
from plain sludge digesters. This dif- 
ference also holds true for the control 
digesters to which the equivalent con- 
centrations of KH,PO, were added. 
From data not shown in these figures, 
gas production did not appear to be 
affected at concentrations of 1.0 me/] 
(Run IT), but some reduction was 
noted with 12 me/] of P*? (Run VIII). 

As the concentration of P*? was in- 


— 

* An original yield of 125 mc/31.0 g of KH,PO, was assumed. These values were then 4 

AY 

at 
Ae 
af 
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creased from 100 to 800 me/I, 
correspondingly increasing tendencies 
of restraint and finally destruction of 
digestion were noted. As may be seen 
in Figure 1, the gas production rate 
dropped to zero after the fifth day 
at the 100-mc/1 level, and after the 
third and fourth day at the 400-me/1 
and 800-mc/ level of P**. Before con- 
cluding that this effect is due to P*® 
alone, it is necessary to examine Fig- 
ure 2, representing the gas production 
eurves for the control digesters. 
production was inhibited at a con- 
centration of 7,390 ppm KH,PO,, 
analogous to the 50-me/] level of P*. 
The rate of gas production dropped to 
zero after the third day for the units 
with concentrations of 14,780 and 
KH,PO,, equivalent to 


Gas 


59,120 ppm 
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100 me/l and 400 me/l of P**. An 
earlier experiment (Run III) had 
brought similar results. Cumulative 
gas production curves obtained with 
other concentrations of salt confirm 
these results, but are not shown in 
Figure 2 to preserve clarity. 

Because it is known that a low pH 
(5.1) is detrimental to microbiological 
organisms, the breakdown of digestion 
may be ascribed to the chemical effects 
of KH,PO, equivalent to the P*, 
rather than to radiological effects. 

It may be seen from Table III that 
the efficiency of gas production ex- 
pressed as ml/g of volatile matter 
added and ecu ft/lb of volatile matter 
destroyed is similarly affected. With 
increasing concentrations of radio- 
activity or KH,PO,, the gas produc- 


VOLATILE SOLIDS ADDED 


Runs No. III ond ¥ 


Tempercture 80° ond 83°F 


TOTAL GAS PRODUCED, ML PERG 


TIME, DAYS 


FIGURE 1.—Cumulative gas production with various concentrations of 
P* (as KH:PO.). 
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Tempercture 83°F 


TOTAL GAS PRODUCED, ML PERG VOLATILE SOLIDS ADDED 


TIME, DAYS 


FIGURE 2.—Cumulative gas production with various concentrations of 
KH.PO, (control). 


tion efficiencies decrease rapidly. Van 
Kleeck (50) points out that under 
favorable conditions of digestion, gas 
production should be 11 to 15 eu ft/lb 
of volatile matter destroyed. This 
value, established from the operation 
of continuously fed digesters, is con- 
siderably higher than that found for 
most of the plain digesters in Runs 
I through VIII, but even considerably 
lower values were found for concentra- 
tion of P** over 50 me/l and equiva- 
lent KH,PO, concentrations of 14,500 
ppm and more. The reduction of vola- 
tile matter, as may be seen in Table 
III, followed a similar pattern, but 
due to the relatively large variation in 
the solids determinations interpreta- 
tion is limited by the poor confidence 
in these results. 


Reaction Velocity Constant 


Reaction velocity constants were 
computed from the cumulative gas 
production curves for all the runs as 
far as data were available. As has 
already been pointed out, it is more 
difficult to obtain sufficient data for 
the purpose of computing a velocity 
eonstant for anaerobie digestion than 
for aerobic stabilization. The number 
of days of observation necessary to fit 
a first-order type of curve is increased 
and the interpretation of the time lag 
is often poorly defined. Since gas 
production was severely reduced and 
in most cases absent after the first 
few days with P** activities over 100 
me/l and with equivalent concentra- 
tions of KH,PO,, no k-values were 
computed for the short time intervals. 
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TABLE V.—Average Differences and the Probability (P) of Their Occurrences by Chance 
Alone for k and G Values at Various Concentrations of P** (as KH:PO,) 
and KH.PO, Added to Plain Sludge 


(a) CoMPARING PLAIN AND P® SLUDGES 


Values of k 


Plain Sludge Number of 


vs. P® 


(me/l) 


1.0 to 100 
50 to 100 


+0.0174 
+0.0518 


(b) ComparRING PLaIn aND KH.PQO, SLUDGE 


69.7 
70.4 


+45.5 
+SS8.1 


CoNTROL 


Values of k 


Plain Sludge 
vs. 


(ppm) 


Number of 
Digester 


6.25 x 10° 
to ‘ | —0.0098 
28.6 X 10° 


P® (mce/1) 
vs. KHsPO. 


(ppm) 


Number of 
Digester 
Pairs 


10 to 100 
Us 
6.25 10° 
to 
28.6 X 10* 


+O.0160 


It was decided that a k-value based 
on 30 days of data was most satisfac- 
tory for a comparison of all other di- 
gesters in all the runs, which varied up 
to 95 days in length. The results of 
statistically evaluating the significance 
of any effects due to the presence of 
radioactivity in concentrations from 
1 to 100 me/] for various sludge mix- 
tures and temperatures is shown in 
Table V. The comparison in each case 
was made between k-values for plain 
digesters vs. k-values for digesters with 
P*? at each level of activity. Students’ 
t-distribution and the ‘‘t’’ test for 
significance were used (51). 

As in many cases where biological 
reactions are involved, the test for 
significance is based on the 95 per cent 
confidence limits. Thus, with the use 


(c) ComparInGc P® anp KH;PO, StupGe (Conrro! 


of the ¢-distribution, an average of the 
differences between plain and radio- 
active sludge is considered significant 
only when such stated difference can 
be expected to occur by chance alone 
less than 5 per cent of the time. 
Table V shows no significant differ- 
ence on the reaction rate of anaerobic 
digestion up to 100 me/l. If an analy- 
sis comparing k-values could have in- 
cluded those obtained from sludges 
with activities exceeding 100 me/]I, it 
is probable that a significant reduction 
in the gas production rate would have 
been found. This is apparent from 
Figure 1 if the first 15 days are com- 
pared. A similar effect, however, 
would also be noted if a comparison 
were made between plain sludges and 
those containing an equivalent concen- 


= 
— | \ 
(%) = I 
33 
86.2 +61.8 
— 
4 
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78.1 21.0 
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tration of KH,PO,. The results from 
a statistical analysis of those digesters 
with up to 28,600 ppm salt (Dig. 5, 
Run III) are also included in Table 
V. 

In another attempt to examine if 
there was any real effect on k-values 
due to P** (up to 100 me/1), a multiple 
correlation analysis was performed by 
means of a high-speed computer. From 
a total of 70 values, the following 
regression equation was found: 


k =— 0.14 + 0.0032 T — 0.0071 M 
— 0.000007 S, + 0.00032 P.. . (7) 


in which 


T = temperature, °F; 

M = proportion of sludge mixture, 
based on fresh solids; 

S. = concentration of KH:PQ,, 
ppm; and 

P. = concentration of P®, mc/I. 


The cvefficient of multiple correla- 
tion, R, was found to be 0.26, which is 
highly non-significant. If the second 
term of Eq. 7 is multiplied by 100°F, 
a value of 0.32 for correlation of tem- 
perature with k-values is obtained 
which is still not significant. The data, 
therefore, do not support the hy- 
pothesis that k depends (linearly) on 
any or all the factors measured. Fur- 
ther, the variation in k is not appreci- 
ably diminished by taking out that 
portion of the variance due to (linear) 
effects of the other factors. One 
should be cautious in concluding that & 
is not influenced by any (or some) of 
these factors measured. It is quite 
possible that if all the experimental 
data could have been taken into ac- 
count, including k-values approaching 
zero for all digesters with activities 
above 100 me/I, a more significant cor- 
relation would have been found. The 
present analysis is biased by the com- 
plete absence of any values with the 
highest concentrations of P*? and 
KH,PO, used in these studies. 
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Ultimate Gas Produced 


The ultimate gas volumes, G, which 
could be calculated by the slope 
method were also subjected to statisti- 
cal analysis. The results from com- 
paring between plain, radioactive 
sludges, and sludges containing salt 
are shown in Table V. 

Significant reductions of the ultimate 
gas production (ml/g) were found 
when the results from plain sludge 
digesters were compared with those 
containing activity levels from 1 to 
100 mec/l P** using the t-test. The 
average reduction of G-values was 46 
ml/g when all levels were compared 
with plain sludge and 88 ml/g when 
only the higher levels of P** were con- 
sidered. These reductions were found 
to be significant at the 95 per cent 
probability level. Equally significant 
differences would be expected if G- 
values for the higher levels of P®* were 
available for t-test analysis. A com- 
parison with digesters that received 
equivalent salt concentrations pro- 
duced equally significant results. 

It would appear that since no real 
effect due to P*? on k-values was ob- 
served, the rate of organic matter 
breakdown as characterized by gas 
production (as a result of the activities 
of microorganisms and enzyme sys- 
tems) was not changed. However, 
since G represents total amount of gas 
generated and the rate of breakdown 
seems unaffected, the total organic 
matter available or accessible to the 
organisms for decomposition was re- 
duced. No bacteriological studies 
were carried out, therefore further in- 
terpretation as to the possible mecha- 
nism responsible cannot be made. 


Volatile Acids and pH 


It is of interest to note that when- 
ever sludge digestion was inhibited, 
either due to radioactivity or salt con- 
centrations, the levels of volatile acids 
concentration at the end of the diges- 
tion period were above 1,500 to 2,000 
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ppm. Sludge which had proceeded 
through normal digestion contained 
not over 500 to 1,000 ppm, but some 
poorly digested samples tested up to 
7,000 ppm of volatile acids. These ob- 
servations were in full agreement with 
operating experience as well as ac- 
cepted theory (34) (35). 

In accordance with the other ob- 
servations reported, it was not sur- 
prising to find that each digester con- 
taining an activity above 50 mce/1 of 
P*?, or equivalent salt, reacted ab- 
normally to pH changes. After the 
initial intensive acids production 
phase when the pH value of the plain 
sludge started to rise, the pH for the 
digesters containing the salt and the 
P*? would definitely lag behind, as 
shown in Figures 3 and 4. This effect 
was particularly noticeable at the 
higher concentrations of salt and P*? 
above 200 mec/l, when the pH never 
rose to even near 7.0 but remained 
at the initial values, ranging from 
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5.0 to 6.0, while the plain digesters 
rose to 7.0 and above. 

At 800 me/Il, the concentration of 
KH,PO, in the sludge was 20 per cent. 
At this concentration (approximately 
2M KH,PO,) strong but low pH 
buffer tendencies are exerted by the 
phosphates. Even if the organisms 
survived in this acid medium, it would 
be difficult to bring the pH to 7, but 
it is likely that the 


microbiological 


fiora and fauna, normally responsible 


{ 


for establishing a_ buffered 
could not continue to exist. 


sludge, 


Influe nce on Redox Potential and Lig 
uid Conduc tivity 


To obtain continuous redox poten- 
tials, conductivity, and pH measure- 
ments, which were recorded, the sludge 
was kept moving through all sensing 
elements. As pointed out earlier, di- 
gesters 13 through 16 were so designed 


that the sludge could be recirculated 
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FIGURE 3.—Cumulative gas production, potentials, conductivity, pH, and temperature 
measured during digestion of plain sludge mixture. 
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on a time-programmed basis and there- 
fore cannot be directly compared with 
batch digesters 1 through 12. Figures 
3 and 4 show the results obtained from 
two digesters during both Runs VII 
and VIII. Run VIII was a continu- 
ation of Run VII to investigate the 
degree to which anaerobic digestion 
could assimilate radioactivity. At the 
end of Run VII, 800 ml of the sludge 
mixture were withdrawn and 1,150 ml 
of a new sludge mixture were added, 
the resulting mixture constituting Run 
VIII. At the beginning of Run VIII 
the radioactivity had decayed to 12 
me/ml! as caleulated from the original 
Oak Ridge National Laboratory assay. 

Total gas production for digester 
14 (plain sludge) reached 110 ml/g 
of volatile matter added in Run VII 
and about 75 ml/g of volatile matter 
in Run VIII, as shown in Figure 3. 
However, digester 16 (90 me/ml of 
P*?) produced only 10 ml/g of volatile 


FIGURE 4.—Cumulative gas production, potentials, conductivity, pH, and temperature 
measured during digestion of sludge containing radiophosphorus. 
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matter added in Run VII and only 5 
ml/g of volatile matter in Run VIII, 
as shown in Figure 4. These results 
show a distinct inhibition of the gas 
production efficiency in the presence 
of P** (as KH,PO,), which was quite 
similar for digester 15 (6,500 ppm 
KH,PO,), not shown. 

During both Runs VII and VIII it 
is significant that the oxidation-reduc- 
tion potential for digester 14 reached 
a value of — 200 mv after a period 
of about one week, whereas the po- 
tential for digester 16 remained estab- 
lished at about — 100 mv for three 
weeks. It was recently shown (42) 
that when complete anaerobic condi- 
tions become established in a digester 
the potential drops to — 350 to — 450 
mv and that values of a lesser nega- 
tive potential indicate poor anaerobio- 
The results from continuous ORP 
measurements, therefore, bear out the 
inhibition of anaerobie digestion and 


sis. 
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tend further to support the previous 
findings. 

The increase of conductivity with 
time was also recorded, as shown in 
Figures 3 and 4. It appears that 
this variable with time 
were too small to lend themselves to 
interpretation. In digester 14 the 
conductivity rose from 800 to 1,250 
pmhos ‘and from approximately 2,000 
to 3,500 for digester 16 in Run VII. 
Changes in conductivity during Run 
Vill even smaller, the change 
for digester 14 was very small (1,000 
to 1,300 pmhos) and the rise in di- 
gester 16 was only from 2,000 to 2,500 
Although there appears to be 
some correlation between conductivity 
and total and dissolved solids (39 
the net change of conductivity during 
VII and VIII (similar sludge 
samples) was unusually small. 


changes of 


were 


pmbhc S. 


Influence on Gas Quality 


An investigation of the composition 
of sludge gas was considered essential 
to a study of the effects of P*? on 
anaerobic digestion. It was necessary 
to develop methods that would quan- 
titatively analyze the various 
ponents in sludge gas on a routine 
basis. Because no chromatographic gas 
analyzer commercially available 
at the time these investigations were 
started, such a device was developed 
during the course of these 
Its design and operation have been 
reported elsewhere (43) (44). 

From the standpoint of plant de- 
sign and operation, especially if the 
gas is used to heat digesters, to drive 
compressors in activated sludge plants, 
or for electric power generation, it is 
necessary to establish if the methane 
concentration (net fuel value) of the 
gas is affected by radioactive wastes. 
It is also necessary to determine if 
any of the gases of decomposition 
contain radioactivity that could cause 
an environmental hazard. Chromato- 
graphic analysis of the gas prior to 
radioassay would permit identification 


com- 
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studies. 
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FIGURE 5.—Calibration curves for air, 
CH,, and CO.; for use with Figure 6. 


of the gaseous component(s) respon- 
pollution and 
indicate which component would have 
to be scrubbed from the 
prior to combustion or release. 

To determine the beta and 
gamma activity in the gas phase, a 


sible for atmospheric 


stream 
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number of gas samples were counted 
under an end-window G-M tube 
sealed in a beaker, as well as in a 
Marinelli beaker with a self-quenching 
dip counter.* No appreciable activity 
above background was detected in the 
digester gas from any of the experi- 
ments. 

Significant changes in gas composi- 
tion were noted from digesters to 


*Model D-52, 
cathode and 35-mg/sq em window thickness 


Nuclear-Chicago (silver 
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which P* 
added. 

Quantitative results are obtained 
from calibration curves, established by 
analyzing samples with known mikx- 
tures. It has found that the 
quantity of gas is linear with peak 
height. Calibration curves for air, 
methane, and carbon dioxide are shown 
in Figure 5. A small quantity of CO, 
was absorbed by the silica gel column 
at room temperature. 

Gas samples from each of 16 di- 
gesters were analyzed every day to 
follow changes in gas composition 
with digestion progress. A typical set 
of results from the chromatographic 
analysis of 12 digesters is shown in 
Figure 6. The separation of these gas 
components was obtained with a 25- 
48 mesh, 4.5-ft silica gel column, and 
a flow rate of 75 ml/min. 

The digester gas analyses from the 
third day of Run VIII showed that 
the methane concentration when com- 
pared with the plain sludge gas was 
reduced from 60 to 40 per cent in the 
presence of 12 me/l of P** and 6,500 
ppm of KH,PO,, accompanied by a 
simultaneous increase in CO, concen- 
tration from 40 to 59 per cent. From 
Table VI it appears that both methane 
reduction and carbon dioxide increase 
are essentially the same for digesters 
eontaining and _ the _ control 

KH,PO, Slightly lower CH, con- 
centrations and slightly greater CO, 
for the control digesters 
could be due to experimental error, 
although excellent reproducibility be- 
tween digesters of one kind should be 
noted, which provides substantiating 
sludge sampling 
technique between digesters. 

In this experimental run digesters 
4, 8, and 12 were charged with a 3.1 
per cent d-glucose solution and seeded 


and KH,PO, had _ been 


been 


imecreases 


evidence of good 


with the same sludge mixture as the 
Run VIII 


purpose in 


other digesters of 
Table III The 
glucose was to experiment with a syn- 
thetic sludge composition from which 


(see 


using 
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a known gas composition could be 
expected. To digester 8 an equiva- 
lent concentration (6,470 ppm) of 
KH,PO, was added, to digester 12 
a concentration of 12 me/l of P** (as 
KH,PO,). The chromatographic re- 
sults of gas analyses from digesters 4, 
8, and 12 deviate considerably from all 
others when compared in Table VI, 
showing practically no methane in the 
gas, more air, and considerably higher 
concentrations of CO,. 

The results of similar gas analyses 
for 28 days of Run VIII are shown in 
Figure 7, from which the glucose ex- 
periments were excluded. Plotting 
CO, coneentration as a function of 
time, it is apparent that for those di- 
gesters in which gas production was 
reduced, the CO, content sharply in- 
creased—although toward the end of 
the digestion period this difference is 
less pronounced. The results are in 
agreement with a recent study by Mil- 
ler and Barron (52), whose records 
indicate that during normal digester 
operation a gas with 31 to 35 per cent 
CO, content is produced. The devia- 
tions of CO, content between digesters 
containing P*? (as KH,PO,) and their 
controls usually were only 1 to 2 per 


TABLE VI.Qualitative Gas Analyses 
from 16 Digesters Run VIII* (P**) 


Percentage by 


Conc. of Cone Volume 
me/D | air | CHs | COs 
1 | Plain sludge 10.3 | 60.1 | 39.6 
2 | Plain sludge 0.6 | 59.0 | 40.4 
3 | Plain sludge 0.1 | 58.8) 41.1 
4 | Plain sludget 4.1 1.8) 94.1 
5 6,470 0.4 | 40.0 | 59.6 
6 6,470 0.3 | 40.2 | 59.5 
7 6,470 0.6 | 39.7 | 59.7 
8 6,470T - 2.0 | 0.3 | 97.7 
i] 6,470 12 0.6 | 41.6 57.8 
10 6,470 12 0.3 | 41.3 | 58.4 
ll 6,470 12 0.2 | 40.3 | 59.5 
12 6,470t (03) 99.1 


* Analyses from third day of Run VIII. 
t Substrate consisted of 30,900 ppm glucose, 
seeded with digesting sludge. 
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DIG. 1, 2,2: PLAIN SLUDGE 
© DIG. 5, 6, 7: CONTROL SLUDGE (6.47 x 10° ppm KH,PO,) 
© DIG9, 10, 11: HOT SLUDGE (12 me/liter 


CARBON DIOXIDE (Percent by Volume) 


cent and may be attributed to experi- 
mental error. 


Distribution between Solid and Lig- 

uid Phases 

The purpose of these studies in- 
cluded the determination of concentra- 
tion of radioactivity in the solid and 
the liquid phase for the safety of plant 
personnel and the establishment of dis- 
posal limits. The liquid phase (over- 
flow and underflow) is practically al- 
ways returned to the treatment proc- 
ess and allowed to go to the stream 
after secondary treatment. The solid 
phase is removed from the digester 
and retained on sludge drying beds 
for additional drainage and evapora- 
tion, producing a dried sludge cake 
similar to humus in appearance. Final 
disposition is either as a soil lightening 
material or as a fertilizer when ad- 
mixed with nutrients. Therefore, both 
liquid and solid phases, unless care- 
fully monitored, may in time con- 
tribute to an increasing background of 
radioactivity. It is important to de- 
fine the terms solid and liquid phase 
as applied to the distribution of radio- 
activity reported in this paper. This 
requires a brief explanation of salient 
features of the experimental technique. 


FIGURE 7.—Digester gas composition, Run VIII, P*. 


TIME (DAYS) 


Two procedures were used for solid- 
liquid determinations: (a) counting 
the digested mixture and its liquid 
portion separately with a Marinelli 
beaker and a dip counter, and (b) 
counting centrifugally-separated _liq- 
uid and solid samples prepared by the 
evaporation technique. To measure 
the activities and distributions of 
radioactivity the samples were with- 
drawn after the period of digestion 
and analyzed by both of these tech- 
niques. The evaporation technique 
produced the more reliable data, as 
determined from the variance and 
standard errors. Therefore, the data 
reported, unless otherwise noted, were 
obtained from evaporated samples. 
The sample, upon removal from the 
digester, was allowed to stand and set- 
tle to form a clear supernatant. A 
sample of the liquid was removed, fur- 
ther clarified in a centrifuge at 4,500 
rpm, and a 1-m! sample or less was 
pipetted on a _ previously weighed 
sample pan. The pan was dried un- 


der infrared heat, and sprayed with 
a plastic spray to set the sample and 
prevent contamination of the propor- 
tional gas flow counter. 

The solid samples, after being ob- 
tained with a draft tube immersed in 
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TABLE 


VII and VIII 
* Recirculated sludge. 


the settled 
trifuged. The supernatant liquid was 
vasted. A thin film of the solid 
maining in the centrifuge tube 
put on a previously weighed 

dried infrared heat, and 
sample set with plastic spray. Both 
liquid and _ solid thus pre- 
pared were weighed to obtain the dried 
sample weight and the activity was 


sludge, were also cen- 
re- 
was 
pan, 
under the 


samples 


determined in a gas flow proportional 
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VII.—Determination of Activity in Solid and Liquid Phases 


Solid Liquid 
Yomponent, S Component, L 
mc/@) (me/g) 


0.0385 
0.385 
0.606 
1.04 
1.38 
0.274 
0.525 


0.297 
1.196 
1.418 


0.178 
0.429 


0.000853 


0.00036 0.00L1S 


counter. Typical results of these de- 
terminations are summarized in Table 
Vi. 

For the P* studies, a summary of 
the data of determined is 
shown in two graphs. Figure 8 repre- 
semi-logarithmic plot of the 
the solid to the 
liquid, in millicuries per gram, against 
initial activity added. Although the 
ordinate dimensionless 
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FIGURE 8.—Distribution of activity with P™ (as KH.PO,) between solid and 
liquid components. 
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ratio, the units (me/g) are shown to 
point out that the activities were de- 
termined on a unit weight basis. 
There appears to be a definite trend 
of inereasing relative activity in the 
solid component with an increase of 
initial activity. The relationship is ex- 
ponential and plots as a straight line 
on semi-logarithmic basis. The equa- 
tion of best fit for this relation for 
P*? was found to be: 


As 

rr: = — 31.87 + 31.92 log Ao. . (8) 

in which 
activity of solid phase, mc/g; 
activity of liquid phase, me/g; 
and 
initial activity of sludge mix- 
ture, mc/I. 

Inasmuch as each run contained 12 


digesters on a batch basis and 4 di- 
gesters in which the sludge was re- 
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circulated, more limited data on the 
effect of mixing were obtained. From 
Figure 8 it appears that relatively 
less activity concentrates in the solid 
as the initial activity is increased 
when the digester contents are mixed. 

From a similar analysis of the re- 
sults of these radioassays, another in- 
teresting relation has resulted. In 
Figure 9 the proportion of activity 
removed by the liquid phase, expressed 
as percentage of the initial activity 
(me/ml) against initial activity was 
plotted. In contrast to Figure 8, the 
data presented here were obtained on 
a me/ml basis. Actually, the propor- 
tion of activity removed is a dimen- 
sionless ratio but the unit (me/ml) 
was inserted along the ordinate in 
Figure 9 to show that the activities 
were determined on a unit volume 
basis. This figure indicates con- 
centrations of P** in the liquid phase 
relative to the solid phase increasing 
from 12 to 78 per cent as the initial 
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FIGURE 9.—Proportion of activity removed with P™ (as KH:PO,). 
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activity increases from 50 to 800 me/1. 
Higher concentrations in the liquid 
phase appear to be obtainable from 
digesters equipped with mixing ap- 
paratus. The initial activity, A,, is 
based on total sludge mixture volume, 
but the final activity, A;, represents 
the separated liquid phase of the 
sludge only. Thus, the percentage re- 
moval refers to the reduction of radio- 
activity from the initial concentration 
in me/] of sludge mixture to the final 
digester effluent (both underflow and 
overflow) in me/ml. 

It should be pointed out that when 
the liquid phase was counted, only the 
dissolved solids remained with any of 
their associated activity ; but when the 
solid material counted, the ac- 
tivity in the liquid portion was also 
added to that of the solid activity 
during evaporation. In these results 
this had the effect of increasing the 
relative activity in the solid phase. To 
offset this experimental difficulty, the 
amount of liquid retained on the solid 
after centrifugal separation and prior 
to evaporation is probably lower than 
would be obtained from solid/liquid 
separation in prototype plant opera- 
tion. 


was 


Summary and Conclusions 


On the basis of these investigations 
on the effects of radioactive 
containing P*? in concentrations up to 
800 me/] the following conclusions may 
be drawn: 


wastes 


1. Presence of P*? (as KH,PO,) in 
an initial concentration of 50 me/1 ap- 
pears to reduce the rate of gas pro- 


duction from similarly prepared 
seeded mixtures without the equivalent 
salt solution. Although no significant 
probabilities could be obtained for dif- 
ferences between k-values, this may 
not have been due to lack of data for 
statistical analysis, but rather due to 
the complete inhibition of gas produc- 
tion at levels exceeding 400 mc/l. The 
ultimate gas production, G, was, how- 
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ever, significantly reduced in the pres- 
ence of 50 me/l or more P* and with 
equivalent KH,PO, concentrations. It 
is quite significant that the identical 
behavior was noted for the controls 
containing equivalent concentrations 
of stable KH,PO, and it is therefore 
concluded that the effect noted is due 
to chemical toxicity to the microbio- 
logical environment, rather than a 
radiobiological effect caused by the 
P32, 

2. Supporting evidence of the ef- 
fects between plain sludge, controls, 
and radioactive were ob- 
tained from the measurements of the 
volatile acids concentrations, the re- 
duction of volatile matter, the pH, and 
continuously measured ORP. 

3. It demonstrated that 
tinuous analysis chromatog- 
raphy for methane and carbon dioxide 
is a practical tool and a sensitive in- 


digesters, 


was con- 


by gas 


dicator possible for routine plant op- 
eration. Without the presence of P* 
or the KH.PO,) the 
methane fraction was found to be ap- 


associated 


proximately 60 per cent by volume in 
contrast to only 40 per cent with a 
corresponding inerease in carbon di- 
oxide. This would mean that the net 
fuel value in the presence of concen- 
trations of P*? (as KH.PO,) or the 
salt alone would be reduced by about 
one-third. 

4. The uptake of P** by the solid 
component increases exponentially with 
an inerease of initial radioactivity 
The percentage re- 
moved in the liquid phase appears to 
also increase with an increase of in- 
itial concentration of P** and seems to 
be greater for digesters provided with 
mixing equipment. 


coneentration. 


Editor’s Note :— Part II, containing the 
results of radioiodine (I'**) experimenta- 
tion, will be published in an early issue. 
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ACTIVATED CITRUS SLUDGE—VITAMIN CONTENT 
AND ANIMAL FEED POTENTIAL * 


3y H. DouGHerty anp Ropert R. McNary 


Florida Citrus Experiment Station, Lake Alfred, Fla. 


done on both the 
(1) and pilot-plant 
has shown that citrus waste 
waters can be readily treated by the 
activated sludge process. Preliminary 
work on the excess sludge from the 
treatment of citrus waste waters with 
an intermediate scale activated sludge 
plant (1) indicated that the sludge con- 
tained vitamins of the B group which 
would give it a value between that of 
dried whey and dried distillers’ solubles 
if used as a chicken feed supplement. 
The upon which these 
analyses were made was produced using 
a temporary arrangement which was set 
up strictly for sludge production. It 
was believed that the conditions for 
maximum vitamin production were not 
always present during that run and 
that a further study of the vitamin 
content should be made on excess sludge 


Previous work 
laboratory scale 


scale (2 


eXCeSS 


sludge 


produced in a properly designed ac- 
tivated sludge system operating under 
normal conditions. Possible effects of 
varying amounts of inorganie nutri- 
the content of the 
excess sludge was also felt necessary. 


ents on vitamin 


Apparatus and Procedure 


The samples of excess sludge for the 
vitamin study were produced using the 
small, laboratory-scale, three-stage ac- 
tivated sludge system that was used in 
previous work (1). In that work it 
was found that the system could be op- 
erated without affecting the degree of 
treatment when the inorganic nutrients 
were eliminated. In starting the sys- 

* Presented at the 1957 Annual Meeting, 
Florida Sewage and Industrial Wastes Assn.; 
Jacksonville, Fla.; Nov. 11-13, 1957. (Co- 
operative research by Florida Citrus Comm. 
and Florida Citrus Experiment Station.) 


tem for this vitamin study, an attempt 
was made to establish a new culture 
without the use of the inorganic nutri- 
ents. After three weeks of operation 
(a) the culture was slimy, (b) the 
sludge would not settle, (c) the effluent 
was cloudy, and (d 
poor. Rapid improvement was at- 
with additions of sodium ni- 
trate and trisodium phosphate for N 
and P. After 10 days the sludge 
settled well and the effluent was clear 
and low in BOD. 

Since it has been reported (3) that 
the addition of cobalt to a fermenta- 
tion culture medium will increase the 
production of vitamin By», varying 
amounts of cobalt as cobaltous chloride 
were added to the raw waste during 
this study. The used were 
varied along with the nitrogen and 
phosphate nutrients. Reported addi- 
tions of N and P in this study do not 
include naturally occurring amounts 
from orange juice. Roberts and Gad- 
dum (4) reported that orange juice 
contains an average of 0.030 per cent 
phosphorus (300 ppm) and 0.94 per 
cent organic nitrogen (940 ppm). 

After a healthy culture had been es- 
tablished, the runs were started. On 
the first day of each calendar month 
the amounts of nutrients and cobalt to 
be used for that month’s run were set. 
to run under 
these nutrient conditions for the first 
two weeks of the month with no sludge 
being withdrawn. During the last two 
weeks of the month sludge withdrawals 
were made from the bottom of the 
clarifier at the rate of one liter per day. 
It was calculated mathematically that 
at the end of the first two-week period 


the treatment was 


tained 


amounts 


The System was allowed 
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TABLE I.—Reductions in Organic Solids and BOD Using Laboratory- 


Raw Waste 


NasPO, 
ised 
(ppm PO, 


NaNO, 
used 


ppm Co) 


(ppm N) 


| 


50 21.6 
25 10 


~ mae 


bo 


ooo 


over 99.9 per cent of the liquid of 
the previous period had been washed 
through the system. It was concluded, 
therefore, that the properties of the 
sludge withdrawn during the second 
two-week period would not be notice- 
ably influenced by the previous nu- 
trient level. 

For six of the first seven months of 
the study the withdrawn sludge was 
filtered each day and dried in an oven 
at 105°C for 24 hr. The other one of 
these samples was dried in a vacuum 
oven at 65°C for 24 hr but the oven 
proved to be mechanically faulty, 
thereby halting this method of drying. 
For the last eight months of the study 
the withdrawn sludge was filtered each 
day and stored in a refrigerator. At 
the conclusion of each run all! of the 
sludge collected was dried on a drum 
dryer. Oven-dried sludge samples were 
ground in a mill and drum-dried sam- 
ples were pulverized in a blender and 
stored in bottles for later vitamin and 
protein analyses. 

While the system was in operation, 
solids, pH, and sludge content deter- 
minations were run daily. BOD de- 
terminations on the raw waste and efflu- 
ent were made three times each week. 


Scale Activated Sludge System 


Reduction 


Organic 


solids 


BOD 
ppra) 


BOD BOD 
ppm %) 


, 542 0.024 
579 0.024 
562 0.020 
482 0.015 
AST 0.014 
A73 0.016 
510 0.020 
A79 0.018 
0.020 
0.019 
0.034 
0.025 
0.022 


— 


Sludge content determined by 
centrifuge and reported as per cent 
by volume. No control of sludge vol- 
ume was attempted. 


was 


The assumption 
was made that as long as the sludge 
was in good condition and settled well, 
and if the degree of good treatment was 
satisfactory, then the system was in 
rood The sludge content 
varied from 11 to 32 per cent. 

The thiamin content of the dry 
sludge samples was determined by the 
thiochrome method (5 niacin by a 
colorimetric method (6), and riboflavin, 
pantothenic acid, and vitamin B,,, mi- 
The ceul- 
ture mediums used in the microbiologi- 
cal analyses were obtained in the dehy- 
drated form from a commercial labora- 
tory.* The crude protein content was 
arrived at by multiplying the per cent 
Kjeldahl nitrogen by a factor of 6.25. 


condition 


erobiologiecally 7 


Results 


This study composed of 15 
separate runs from which were collected 
15 individual sludge samples. Table I 
gives the per cent organic 
solids and BOD of the raw waste and 


was 


average 


* Difeo Laboratories, Detroit, Mich. 
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Run No. | CoCl: Organic | Organic 
wed | colds | | ‘solids | 
0 ] 3. 7 00 7 
Ae 2 | 0° 5 90.6 | 99.6 
3 10 2 92.8 99.8 
0 0 1 6 | 927 99.6 
6 8. 91.1 99. 
7 10 0 12 91.6 99.2 
ee ae 8 0 10 2 7 91.0 99.5 
9 10 | | 914 99.3 
10 10 10 3 86.5 99.8 
11 100 50 7h 894 | 99.4 
12 50 25 0 | | 90.0 99.7 
13 25 12.5 0 = 99.7 
0 | — 1,514 4.0 
15 0 0 é ; 
: 


Vol. 30, No. 9 


the effluent plus the per cent reduction 
in each of the 15 runs. It should be 
pointed out that a portion of the solids 
in eitrus waste waters are small par- 
ticles of pulp which, in turn, are mostly 
cellulose. These particles, being rela- 
tively stable and not easily broken down 
by biological action, influence the solids 
values but not the BOD values. The 
BOD values are therefore the best eri- 
terion for determining the degree of 
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treatment obtained. Table I shows that 
a BOD reduction of over 99 per cent 
was obtained in each of the 15 runs 
regardless of the amounts of inorganic 
nutrients being used. This indicates 
somewhat more conclusively the hy- 
pothesis that nitrogen and phosphate 
nutrients are not needed for good treat- 
ment when working with a healthy, 
well-established activated sludge ecul- 
ture. However, it has been shown that 


TABLE Il.—Effect of Nitrogen and Phosphate Nutrients, Cobalt, and Method of Drying on the 
Thiamin, Vitamin B,., Niacin, Riboflavin, and Protein Content of Dry Excess Activated Citrus 


Sludge 

Sample ds CoChs Drying | Thiamin Niacin | Riboflavin | Protein 

lo. pom N) | (ppm POW (pm Oo) Method meg/g mee meg /g (meg/g (%) 
(a) THe Errect or Drying Meruop 
4 0 0 0 Oven 0.15 1.99 9.15 26.00 | 33.11 
14 0 0 0 Drum 3.3 12.62 8.10 23.20 34.27 
(6) Tue Errect oF NitroGEN 
s 0 10 2 Drum 7.4 17.50 10.90 21.28 29.19 
Q 10 10 2 Drum 4.3 19.63 12.10 26.28 33.81 
4 0 0 0 Oven 0.15 1.99 9.15 26.00 33.11 
3 10 0 0 Oven 0.00 2.63 9.15 | 32.00 | 37.61 
(c) Tue Errect or ProsPHate 
15 0 0 2 Drum 9.6 13.94 7.75 24.00 31.24 
8 0 10 2 Drum 7.4 17.50 10.90 21.28 29.19 
Tue Errect or 
4 0 0 0 Oven 0.15 1.99 9.15 26.00 | 33.11 
5 0 0 1 Oven 0.46 9.13 7.65 20.00 28.90 
3 10 0 0 Oven 0.00 2.63 9.15 32.00 | 37.61 
7 10 0 2 Oven 2.7 13.40 9.00 21.60 | 33.11 
10 10 10 1 Drum 4.6 17.88 9.09 25.20 | 31.01 
9 10 10 2 Drum | 43 19.63 | 12.10 | 26.28 | 33.81 
14 0 0 0 Drum 3.3 12.62 8.10 23.20 | 34.27 
15 0 0 2 Drum 9.6 13.94 7.75 24.00 31.24 
(e) Tue Errecr or NirroGen + PHosPHaTEe 
4 0 0 0 |} Oven | 0.15 1.99 9.15 26.00 33.11 
2 25 10 0 Oven | 0.59 2.06 9.89 31.20 36.13 
l 50 21.6 0 | Oven 0.28 | 2.21 | 10.68 37.60 42.55 
14 0 0 0 Drum 3.3 | 12.62 8.10 | 23.20 34.27 
13 25 12.5 0 Drum | 2.3 23.13 9.52 | 32.80 41.73 
12 50 25 | O | Drum | 11 19.00 | 10.66 | 24.00 | 40.33 
11 100 | 50 | 0 | Drum | 0.38 | 24.88 | 11.42 | 36.80 | 43.83 
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the use of these materials is essential 
in establishing a new culture. 

Table II gives the results of the B 
group vitamin and protein analyses on 
14 samples of the dried activated 
sludge. It also gives comparisons that 
demonstrate the effect of the different 
variables on the vitamin and protein 
content of the dry material. The sam- 
ple numbers in Table II correspond 
with the run numbers in Table I. It is 
shown in Table II that the method of 
drying influenced greatly the amounts 
of thiamin and vitamin Bi. found in 
the dry product. Drying in an oven 
at 105°C for 24 hr was apparently too 
harsh and destroyed a large portion of 
Since drying the 
sludge on a drum dryer exposed the 


materials. 


material to a higher temperature than 
the oven method, it appears that the 
length of time the material is exposed 
to an elevated temperature is critical 
It has been reported (10) that, under 
the conditions at which these materials 
were dried, thiamin will decompose and 
vitamin By. will The 
method of drying did not appear to 
effect the amount of the other 
and protein in the dry sludge 
The addition of nitrogen had a de- 
t on the thiamin content 

For example, treatment 
conditions resulting in sample number 
nine, 


lose a ‘tivity. 


vita- 
mins 


pressing effee 


of the sludge. 


containing 4.3 meg of thiamin /g. 
differed from those resulting in sample 
number eight, containing 7.4 
only by the addition of 
gen 


meg/g, 
10 ppm nitro 
However, the addition of nitro- 
gen was beneficial in the production 
of the other B vitamins and, as was 
expected, was a direct influence on the 
protein content. The highest protein 
content was obtained when using the 
highest nitrogen level. 

Phosphate the 
production of thiamin, riboflavin, and 


addition decreased 
protein but increased the vitamin B, 
and niacin production. 

The addition of cobalt to the sys- 
tem brought about a very large in- 
crease in the vitamin By,» content even 
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when the material was treated harshly 
by drying it in the oven. The effect 
of the cobalt was much more _ pro- 
nounced, however, when added with 
small amounts of nitrogen or phos- 
phate. Cobalt also inereased the 
thiamin production. Effect on the 
other vitamins and protein was neg- 
ligible. 

The effect of the addition of nitro- 
gen and phosphate together was to add 
the effects of each individual nutrient. 
In the results given in the last section 
of Table II the amount of nitrogen 
used was, in all cases, at least double 
that of the phosphate. In the pro- 
duction of and protein 
where beneficial and 
the excess of 
nitrogen the effect of the 
phosphate. In the cases of vitamin 
Bio and niacin, where both nutrients 
were beneficia 


riboflavin 
nitrogen was 
phosphate detrimental, 


used offset 


to the production, and 
both were 
production, the ef- 


the case of thiamin, where 


detrimental to th 


fects of the nutrients were additive. 


The pantothenic results were 
not included in Table II because they 
showed no definite pattern to indicate 
that the the method 
of drying had any effect on the amount 
of that ingredient found in the dried 
sludge. The mean value for panto- 
thenie acid 20.67 meg/g and the 
standard deviation 10.76 meg/g. 


nutrients used or 


was 


was 


Discussion 


The work done to date indicates 
that the excess sludge obtained from 
the treatment of 
by the 


contain 


citrus waste waters 
process does 


amounts of B 


large quantities 


activated sludge 
appreciable 
and 


group vitamins 


of protein 

The value of this excess sludge as an 
animal feed supplement would prob- 
The 
that of 
now used as a pro- 
tein supplement in animal feeds. 

If the excess sludge could be used as 


a chicken feed supplement the value 


ably be in the protein content. 
protein content is similar to 


cotton seed meal, 


2 
| 
| 
5, 
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would probably lie more in the vita- 
min B,, content. The proportions of 
the different amino acids are more 
important in poultry feeds than is the 
total amount of protein. 

Although the results of the vita- 
min and protein analyses indicate that 
dry, activated citrus sludge 
might be used as a source of these 
substances in animal or chicken feed 
supplements, a few unanswered ques- 
tions stand between the theoretical and 
the actual use of the material for this 
purpose. These questions involve such 
subjects as (a) toxicity, (b) storage 
life, (c) amino acid content, (d) pro- 
duction and demand, (e) production 
costs, (f) monetary value of the pro- 
duct and (g) the production of a ma- 
terial having a constant vitamin and 
protein content. The answers to some 
of these questions lie in the use of a 
much larger activated sludge system 
than was available in these studies. 


eXcess, 


Conclusions 
1. The dry, excess sludge from the 
treatment of citrus waste waters by 
the activated sludge process contains 
significant quantities of the B group 
vitamins (thiamin, niacin. riboflavin, 
pantothenic acid, and vitamin B,,) 
plus a high protein value. 

2. The quantities of those vitamins 

protein found were much larger 
than were found in the earlier work. 

3. The vitamin By,» content places it 
in a position to be considered as a vita- 
min By. supplement in chicken feeds. 

4. The vitamin content is directly 
affected by any inorganie nitrogen or 
phosphate added to the system as nu- 
trients. 

5. The addition of small quantities 
of cobalt to the system increases the 
vitamin By. and thiamin content of 
the final dry sludge. 

6. Exposure of the material during 
drying to 105°C for 24 hr will de- 


and 
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stroy a large portion of the vitamin 
Biz and thiamin. Drum drying is 
superior to oven drying. 

7. The protein content of the dry ex- 
cess sludge ranged from 28.90 per cent 
to 43.83 per cent, which is high enough 
for it to be considered as a protein sup- 
plement in animal feeds. 

8. The protein content is increased 
by increasing the amount of nutrient 
nitrogen used. 
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BASIC DATA FOR CHEMICAL WASTE DISPOSAL * 


By Ropert W. Haywoop, Jr. 


Engineering Department, E. I. du Pont de Nemours a 


As the industrial community of our 
nation continues to grow in size and 
complexity, increasing and more care- 
ful planning and consideration must be 
given to requirements for the satisfac- 
tory disposal of its waste products. Of 
particular concern are chemical wastes ; 
those from the segment of industry en- 
gaged in manufacturing processes of a 
chemical nature. Such wastes are ex- 
tremely complex and there are wide 
variations in their chemical and physi- 
eal properties in comparison to the rela- 
tive uniformity of domestic wastes. For 
this reason, and also because they may 
encompass both organic and inorganic 
compounds, generalizations with respect 
to disposal are usually not possible; in 
most cases methods for satisfactory dis- 
posal must be tailored to fit each waste. 
These waste disposal problems require, 
and are being given, the same thought 
and detailed study as the problems of 
production. The picture continues to 
improve as industry learns more about 
processing waste materials so that their 
release gives no offense to others. New 
tools and techniques are constantly 
being developed and put into use. 


Recognition of Problems 


It is the purpose of this paper to dis- 
euss briefly some of the benefits to be 
derived from early recognition and 
study of waste disposal problems and 
to describe some of the difficulties ex- 
perienced in obtaining basie data for 
evaluating disposal requirements. These 
comments are based on experience with 
water-borne or liquid wastes but the 


* Presented at the 1958 Annual Meeting, 


New Jersey Sewage and Industrial Wastes 
Assn.; Atlantic City, N. J.; Mar. 12-14, 1958. 


d Company, Wilmington, Del. 


principles apply equally well to wastes 
that are air-borne. 

Industry recognizes that it is impor- 
tant to have those who will be responsi- 
ble for the development of a new proc- 
ess or product become fully conversant 
with the role waste disposal must play 
in the over-all picture. Early consid- 
eration of alternate methods of manu- 
facture with waste disposal require- 
ments in mind will often save dollars 
and eliminate headaches later on. 
important aspect is the selection, where 
possible, of raw materials whose use 
will minimize the problem of ultimate 
disposal. Some examples of beneficial 
product substitution may make this 
point clearer. 


One 


Product Substitution 


For decades, starch has been used by 
the textile industry as a carrier for 
dyes on printed cloth, as a finish for 
woven goods, and for many other pur- 
poses. Wastes from these operations 
have been high in BOD and have con- 
tributed to the overloading of many 
streams. Recently developed plastic 
finishes may be substituted, in many in- 
stances, for the starches. Their use has 
reduced the BOD of wastes in estab- 
lished plants and may tip a pollution 
balance to make possible the starting of 
a new plant at a site that could not 
otherwise be considered due to limita- 
tions on plant discharges. 

A second example relates to an op- 
eration which had used an organic acid 
in one phase of manufacture for many 
years. When BOD became a problem, 
investigation proved that a mineral 
acid could be substituted without dam- 
age to the product quality or yield and 
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resulted in a substantial lowering of the 
BOD of the waste. 

A third instance concerns a manu- 
facturing process which could proceed 
along either of two routes. If one was 
followed, the plant effluent would con- 
tain soluble salts in quantities that 
would make the quality of the receiving 
stream unsatisfactory to downstream 
users during periods of low stream 
flow. An alternate process was selected 
because its wastes contained insoluble 
salts that were readily filtered out, thus 
relieving the stream of an additional 
burden of dissolved solids. 


Process Modification 


At times modifications to the actual 
process, beyond those dictated by proc- 
eSs may be ineorporated 
with the result that a much lower pro- 
duction-plus-waste-treatment cost will 
be realized than would be the case if 
the two problems were considered in- 
dependently. As an example, it is pos- 
sible to examine a process in which the 
recovery of a volatile solvent with a 
high BOD was necessary. 


economics, 


Process eco- 
nomics, disregarding treatment to re- 
duce this oxygen demand, dictated that 
the water-bearing solvent mixture 
should be distilled until a definite 
amount of solvent had been removed, 
leaving a small residue for discharge; 
small, that is, until its oxygen demand 
was recognized. Two avenues were 
open: treatment of the wastes to reduce 
its BOD, or reduction of the remaining 
solvent fraction. Fortunately, those re- 
sponsible for designing the process rec- 
ognized the total problem aad elected 
to increase the amount of solvent re- 
moved by increasing the size of distil- 
lation columns in which it was re- 
covered. Although the equipment and 
costs resulting from this 
change were somewhat higher, the oxy- 


operating 


gen demand of the waste was reduced 
to a point where treatment was not 
As a result, the total cost 
was well below that which would have 


necessary. 
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resulted had each problem been consid- 
ered separately. 


Waste Characteristics 


Basic data on waste characteristics 
may be divided into two broad cate- 
gories: those of a chemical and those 
of a physical nature. Even a partial 
list of chemical properties must include 
oxygen demand (chemical and biochem- 
ical), toxicity, acidity and/or alkalin- 
ity, pH, and inorganic salts content. 
The physical aspects to be considered 
include taste, odor, color, temperature, 
undissolved solids content, and volume. 


Testing Techniques 


In many cases BOD and toxicity are 
two characteristics of chemical wastes 
that have required the most careful 
study. It has been found that grossly 
misleading results are often obtained if 
the BOD determination is carried out 
by those unfamiliar with the biological 
aspects of the test. Two examples will 
illustrate this point. 

BOD results obtained in a control 
laboratory on a waste were astonish- 
ingly high when compared with results, 
which were felt to be correct, on a simi- 
lar waste from another plant. The 
work in both laboratories was done by 
competent chemists accustomed to pro- 
cedures and techniques common in in- 
dustrial laboratories. A careful review 
of the procedure used revealed no ap- 
parent reason for the high values ob- 
tained in the control laboratory until 
a casual remark disclosed that an al- 
eoholic indicator solution had been 
added to each sample to facilitate ad- 
justment of the pH to approximate 
neutrality as required by ‘‘Standard 
Methods.’’ The chemist in charge ex- 
plained that, in procedures with which 
he was familiar, it was customary to 
so specify when the use of an external 
indicator was required. Lacking such 
a warning he innocently used an in- 
ternal one and was therefore determin- 
ing the BOD, not only of the waste, 
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but of the alcoholic portion of the indi- 
eator. With the elimination of this 
error, results duplicated, to a satisfying 
degree, those obtained elsewhere on a 
similar waste stream. 

In another ease BOD results 
puzzlingly low until a careful check on 
the procedure being used disclosed that 
the analyst was not shaking the sam- 
ple bottles between the addition of the 
alkaline potassium iodide solution and 
With this step included, results 
were more reasonable. 

Analysts should never forget the pur- 
pose of the BOD test which is to re- 
produce, as closely as is practicable, 
which may be expected to 
following waste discharge into 
receiving waters. Misleading analyti- 
frequently are obtained 
when seed material is not properly ac- 
climated. Those accustomed to anal- 
yses based on chemical reactions do not 
always appreciate the fact that the 
BOD test depends on the action of 
living organisms which not 
mally found in chemical wastes and 
which must be added if the biochemical 
demand is to be The ad- 


dition of source of seed 


were 


acid. 


conditions 


oecur 


eal results 


are nor- 


measured, 
sewage as a 
organisms is frequently not enough; to 
be useful the organisms must have been 
growing in an environment in which 
the wastes being tested have been pres- 
that they have 
customed to such wastes. 


become ac- 
If this is not 
done, all too frequently they are either 


ent so 


killed when added to a sample contain- 
ing relatively high concentrations of 
wastes or their activity is materially 
diminished. As a result, low 
will be obtained. In 


values 
some instances 
waste concentrations are high enough 
to kill completely all life in the sample 
bottles and, from the lack of reduction 
in the dissolved oxygen content at the 
end of five days, the impression is given 
that the waste had no biochemical oxy- 
gen demand. This source of error can 
be eliminated by the use of acclimated 
seed and a sufficient number of dilu- 
tions so that any repressive effect will 
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be seen when comparing caleulated 
BOD’s in the series of dilutions; if the 
higher dilutions have higher values, bio- 
logical activity is being slowed down 
and results are subject to question. 
Laboratory Facilities 

The provision of laboratory facilities 
for making BOD tests cannot always be 
justified, particularly if 
samples is small or 


the number of 
requirements for 


Under such 
conditions assistance is readily avail- 


such tests are infrequent. 


able from many universities, from com- 
mercial and from some 
scientific Frequently state 
agencies also have laboratory facilities 
of this type and will assist in obtaining 
these data. 


laboratories, 


groups. 


Toxic Prope rties of Wastes 
Practical evaluation of the toxic 
properties of wastes may be said to 
have begun in the mid 40’s with the 
Hart, Doudoroff, and Green- 
Since that time bio-assay 
methods have continued to be developed 


work of 
bank (1 
and now include measurement of 
effects oh othe r 


eycle in receiving waters. 


toxic 
members of the life 
While the 
value of data on the biologically safe 
concentration of a respect 
to fish is important if fish kills are to 
be avoided, it is of equal importance to 


waste with 


have similar information on other parts 
of the aquatie life cycle, such as insects 
and algae which serve as fish food. If 
these are destroyed, fish will seek food 
elsewhere, leaving the area just as de- 
void of piscatorial life as though they 
had all been poisoned. 


Receiving Waters 


In addition to a study on problems of 
waste characteristics, recognition must 
be given to the need for careful consid- 
eration of the characteristics of receiv- 
ing waters. Among those properties 
which should be evaluated are the size 
or volume, the (flowing, im- 
pounded, or tidal), and the present and 
future uses to which it may be put. 


type 
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Most wastes are ultimately dis- 
charged to some body of water and the 
volume available for dilution is of im- 
mediate and primary importance. It 
is a simple matter to calculate concen- 
trations which may be expected when 
given wastes are completely mixed with 
known volumes of water. Care should 
be taken at this point, however, to con- 
sider how much of the total capacity 
for dilution is available from a prac- 
tical standpoint. It would be danger- 
ous to assume that safe conditions, re- 
sulting from adequate dilution, will be 
achieved unless specific means are pro- 
vided for prompt mixing of wastes and 
water. Factors to be considered in- 
clude: the shape of the receiving body 
of water, quantity, velocity, turbulence 
of flow, salinity, and thermal stratifica- 
tion, 

With dilution requirements known, 
thought must be given to the relative 
specific gravity of plant effluents and 
waters into which they discharge. For 
example, the initial study of character- 
a small, tidal river, coupled 
with complete data on properties of 


istics OT 


the combined wastes-cooling water ef- 
fluent under consideration, led to the 
conclusion that their discharge would 
create no problem. River tests, how- 
ever, disclosed a bottom layer of salt 
water which decreased in density as the 
surface was approached. The top 4 ft 
The density 
of the plant effluent was between that 
of the upper and lower layers and, 
when anticipated results in the stream 
were not achieved, it was found that 
the effluent was traveling as a density 
current in a 2- to 3-ft layer some 7 to 
10 ft below the surface. 


were essentially salt free. 


possible 


remedial measure would be to use the 
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fresh, less dense surface water for cool- 
ing. This change would decrease the 
density of the effluent and cause it to 
rise and mix more promptly with the 
upper layers of oxygen-rich water, thus 
satisfying the oxygen demand more 
quickly. 

Estimating the degree of mixing to 
be obtained in waters of a tidal nature 
frequently presents a difficult problem. 
The use of hydraulic models of river 
basins, such as those at the U. S. Army 
Corps of Engineers Waterways Experi- 
ment Station at Vicksburg, Miss., has 
made it possible to find answers to 
some dispersion problems which could 
not otherwise be solved except by means 
of expensive, full-scale tests. 


Conclusions 


Industry has come a long way in 
recent years in finding answers to prob- 
lems of waste treatment and disposal of 
ever-increasing complexity. The need 
for clearer definition of the character- 
istics of both wastes and receiving wa- 
ters is New tech- 
niques for providing such data are 
being discovered and there is broader 
and more comprehensive understanding 
of old ones. It is axiomatie that in- 
creasing restrictions and stream qual- 


being recognized. 


ity requirements necessitate continuing 
advances in this area if industry is 
to continue to grow and expand. 
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COLOR REMOVAL IN WASTE-WATER 
TREATMENT PLANTS 


By N. L. NemMerow * anp T. 


Associate Professor, and Graduate Student, School of 


State College of 


At various times sights must be re- 
adjusted on the over-all objectives of 
waste-water treatment. The day has 
passed when a waste having under- 
gone 90 per cent BOD reduction and 
95 per cent suspended solids reduc- 
tion may 
receiving 


be discharged safely into a 
stream. Today considera- 
tion must be given, among other things, 
to toxic metals, phenolic compounds, 
bacterial reduction, and the appear- 
ance of the river after it has received 
the effluent. The appearance of a 
stream not necessarily indicate 
the quality or quantity of material 
contained therein. However, first im- 
pressions are important and usually 
highly indicative of over-all condi- 
tions. If no effort has been made to 
remove the obvious pollution, the pub- 
lie assumes that little effort has been 
expended in removing the other forms 
of polluting matter. Unnatural color 
in a stream symbolizes to the average 
observer that a river is polluted. It 
is sometimes easier to remove the color 
from the river than to erase the often 
erroneous conception from the minds 


does 


of the observers. 

For these consideration 
should be given to means of removing 
color from waste-waters. Some studies 
in this area have already been under- 
taken (1) (2 It should be of primary 
concern to know how much 
being present 
erating municipal treatment plants. 
Current color removal efficiencies in 
these plants have been the objective of 
this study. 


reasons, 


color is 


removed in day op- 


* At present, Professor of Civil Engineer- 
ing, Syracuse University, Syracuse, N. Y. 


Agriculture and Enginee 


A. Dosy 


Civil Engineering, North Carolina 
ring, Raleigh, N. C. 


Procedure 


The method of study has been di- 
vided into two phases: 


1. A questionnaire was sent to 386 
superintendents of treatment plants 
throughout the United States. The 
138 replies were analyzed carefully 
and the results are presented in 


Tables I, II, IV, V, and VL. 
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FIGURE 1.—Verification of Lambert- 
Beers Law for waste-water influent sam- 
ples for three municipal waste-water treat- 
ment plants in North Carolina. 
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FIGURE 5.—Color reduction curve for 
Salisbury, N. C., waste-water influent with 
a minimum transmittance wave length of 
575 mu. 


2. Three field experiments were car- 


ried out at the Burlington, Salisbury, 
and North Carolina, mu- 
nicipal treatment plants. In- 
fluent curves were determined 
by measuring the light transmitted 
at various wave lengths in the visible 
of the spectrum. The Lambert- 
Beers Law relating to color eoncentra- 
tion and transmittance was found to 
be valid for each colored waste-water 
sample (Figure 1). The wave length 
of minimum transmittance (A) was 

the These 
curves are illustrated in Figures 2, 3, 
and 4. The detention time and influ- 
ent color characteristics at each plant 
were determined by mathematical ecal- 


Greensboro, 
sewage 


color 


range 


from 


ascertained curves. 
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culations and analysis, respectively. 
Color (light transmittance at all vis- 
ible wave lengths measured by 
Spectronic ‘‘20’’ machines. 


was 


From the wave length of minimum 
transmittance determinations, curves 
for the same plants were developed, 
showing the relationship between 
measured light transmittance and 
color reduction. These are shown in 
Figures 5, 6, After a minimum 
transmittance length is deter- 
mined for an influent, effluent samples 
measured for light transmit- 
tance at the selected wave length, and 
from a and 7 
the per 
obtained. 


and 7. 
wave 


can be 


curve (Figures 5, 6, 


reduction can be 


| | 
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FIGURE 6.—Color reduction curve for 
Burlington, N. C., waste-water influent with 
a minimum transmittance wave length of 
450 mu. 
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FIGURE 7.—Color reduction curve for 
Greenboro, N. C., waste-water influent 
with a minimum transmittance wave length 
of 575 mu. 


Discussion 

Survey Analysis 

Despite the simplicity of the ques- 
tionnaires only about 36 per cent of 
them returned (Table I). Of 
these, 50.7 per cent disclosed 
that present in the sewage. 
Only 20 per cent of those having a 
color problem measure it. This meant 
that it to work with 


were 
only 


eolor is 


was necessary 


TABLE I.—Extent of Color Problem 


| Plants Which 
Measure Color 


% of 


of } 
No No. Replies 


Replies | * 


386 


138 70 50.7 


14 10.1 


* List taken from 1952 membership of Fed- 
eration of Sewage and Industrial Wastes. 
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TABLE Il.—Analysis of Plants 
Measuring Color 


Measuring 
Device Used 
No. | | 
Plants, | | 
Total Trick- Acti- Trans- 
Primary | ling vated | mitted 
| Filter | Sludge | Light | 


Type Treatment 


Reflected 
Light 


data from only 14 plants in order to 
compute color removal efficiencies. 

It is apparent that a very small 
proportion (only 10 per cent in this 
survey) of municipal plants are con- 
cerned about the color problem suffi- 
ciently to measure color. This is prob- 
ably due to a combination of the lack 
of an inexpensive, significant, and 
standard method of measuring color 
and an understanding of its effect 
upon the receiving stream. 

Seven plants measuring color were 
of the activated sludge type; four, 
trickling filter; and three, primary 
(Table II Half the plants measur- 
ing color concentration utilize instru- 
ments operating on transmitted light 
and the other half use reflected light 
devices. 

The description of the 14 plants 
measuring color and their efficiencies 

Table III) shows that they are lo- 
cated predominantly in heavily indus- 
trialized and highly populated north- 
ern and midwestern cities. Color 
originates from a variety of industrial 
wastes. Most plants measuring color 
are removing some of the color. 

The activated sludge plants (Table 
IV) report the removal of 93 per cent 
of the color when more than 90 per 
eent BOD and suspended solids are 
also removed. However, it should be 
kept in mind that the plants reporting 
are those which most concerned 
about These plants, 
eoncentrate 
more upon removing color than other 
activated sludge plants. 


are 
color removal. 


therefore, presumably 
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TABLE III. 


Locat 


Gastonia, N. C. 
Salisbury, N. C. 
Orlando, Fla. 
Little Ferry, 
Springdale, Ark 


Textile 
Textile dye 
Sewage 
Textile 
Grape juice and 
potatoes 
Dyes 
Blood, plating 


York, Pa 
Altoona, Pa. 


Manville, N. J.t 
Findlay, Ohio 


Paper 
Canning 
chemical 
Norristown, Pa Brewery 
Charlotte, Mich. 
Springfield, Mass. 
New Britain, Conn. 


Ind 
Steel pickling 

metal pla 
Milk 


wastes 


ting 
Covington, Ohio 
* Legend for type plants. 
1—Activated sludge 
High-rate trickling filter 
Standard-rate trickling filter 
Primary treatment 
Lag 
t Industrial waste only. 


The trickling filter plants (Table 
V) report the removal of 84 per cent 
of the color when 75 to 90 per cent 
of the BOD and suspended solids are 
removed. The Salisbury, N. C., plant 
efficiencies not included in the 
averages since it obtained somewhat 
lower BOD and suspended solids re- 


were 


TABLE IV.—Color Removal by Activated 
Sludge Plants 


Per Cent Removal 
Plant 


BOD 


York, Pa 

Findlay, Ohio 
Norristown, Pa. 
Covington, Ohio 
Altoona, Pa.* 
Little Ferry, N. J.* 
Gastonia, N. C.* 


| 95.5 | 95 
90 
96 
90 
89 
78 

93.8 


Averages 93 


* Overloaded plants excluded from averages. 
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Color Removal by Municipal Plants 


Measuring Devies 


Hellige 


Spectr 


comparator 
mic 
Hellige comparator 


Lertz photometer 


Jackson turbidimeter 

Spectronic ‘‘20” 

Beckman B 
spectrophotom 


Hellige comparator 
rator 
Jackson turbid 


imeter 


Visual 
Visual 


60-80 
96 


50-60 
100 


moval. However, this may be more 
typical of a trickling filter plant han- 
dling certain types of color than the 
other three plants. Although the filter 
plants report less color removal than 
the activated sludge plants, only three 
filter plants were used in computing 
the average. 
forming 
small number of plants 


There is some danger in 


rigid conclusions on such a 


TABLE V.—Color Removal by Trickling 


Filter Plants 
Per Cent Removal 


BOD Color 


Ng 74 15.4 
S4 

50-90 

80-85 


Salisbury, N. 
Orlando, Fla 
Springdale, 
Charlotte, 


Ark. 
Mich. 
Averages 78 


* Omitted from averages. 


BOD | ss | Color 
81 |78 | 67 
84 87 90 
7 
71 89 10 
‘ 
ye 50-90 95 70 
80 70 95 
95 55 59 2 
85-90) 85-90] 100 
95 94.3 | 88 
80-85, 65-75) 90-95 
126 150 131 
mm | es | Color 
86 7 Plant 
100 
1% 
100 
100 
10 | 
] 
87 84 
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TABLE VI.—Color Removal by 
imary Plants 


Per Cent Removal 


Plant 
BOD 8s Color 
Springfield, Mass. 26 | 50 | 31 


New Britain, Conn. | 60-70 | 60-80 | 50-60 


Averages 45 | 43 


The two primary plants (Table V1) 
report the removal of only 43 per cent 
of the color when 45 to 60 per cent 
of the suspended solids and BOD are 
removed. As could be expected, the 
color removal is poorest in primary 
plants, intermediate in trickling filter 
plants, and highest in activated sludge 
plants. 


Field Experiments 


In these field experiments, no pH 
adjustments were made. It was felt 
that any pH adjustment in the actual 
treatment process resulting in a color 
change should be ineluded in treat- 
ment efficiency. This efficiency should 
be recorded as color increase or de- 
crease in the plant at the given pH 
value. If the pH is changed artifi- 
cially during color measurement, it 
is believed that this will not be a 
valid indication of the color removal 
efficiency of the plant. 


No turbidity measurements were 
made. Turbidity affects the amount of 
light transmitted non-selectively. If 


it is assumed that the influents con- 
tained more turbidity than the efflu- 
ents, the relative color removals re- 
ported would be greater than those 
actually occurring in _ non-turbid 
samples. 

Therefore, in the use of the curves 
developed for color reduction it must 
be remembered that various industrial 
wastes can be responsible for variable 
pH and turbidity conditions, thereby 


COLOR REMOVAL 


1165 


requiring careful evaluation of color 
reduction curves (Figures 5, 6, and 
7). These curves further indicate the 
variable basic conditions found in dif- 
ferent treatment plants as the result 
of different industrial wastes. 


Conclusions 


1. Although 50 per cent of the re- 
plies received to a questionnaire indi- 
cated interest in color removal at their 
municipal plants, only 10 per cent of 
the plants responding measure color. 

2. Those plants measuring color and 
apparently operating satisfactorily on 
a normal pollutional load report the 
following efficiencies of color removal: 


Color 
Reduction 
Treatment Type (%) 
Primary plants 43 
Trickling filter plants S4 
Activated sludge plants 93 


3. Field experiments carried out on 
three North Carolina municipal plants 
which are highly loaded with indus- 
trial wastes showed the following color 
removal efficiencies: 


Color 
Removal 

Plant (%) 

Primary plant (Greensboro) —12 
Standard-rate trickling 

filter plant (Burlington +34 

High-rate trickling 
filter plant (Salisbury) +44 


4. In the future it is estimated that 
more attention will be given to the 
eolor problem in waste-water and its 
reduction in municipal treatment 
plants handling industrial wastes. 
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Stream Pollution 


A GRAPHICAL SOLUTION OF THE 
OXYGEN-SAG EQUATION 


By T. 


A. WASTLER AND N. D 


WASTLER 


Water Supply and Water Pollution Program, 


Robert A. Taft Sanita 


ry E nagineering Center. 


Cincinnati, Ohio 


Many stream self-purification calcu- 
lations and estimates depend upon 
the Streeter-Phelps oxygen-sag curve. 
The equation originally derived (1) for 
this curve is 


— 10-* 
+ D,(10-*! 


D; represents the deficit in ppm be- 
tween actual dissolved oxygen and satu- 
ration at a time ¢t, which is the time of 
water travel measured along the stream 
from an initial point D, is the satura- 
tion deficit of dissolved oxygen in ppm 
at the initial location, and L, is the 
ultimate first-stage BOD at the initial 
point. The coefficients ky and k » repre- 
sent specific rate constants for deoxy- 
genation and reoxygenation in the flow- 
The numerical values of 
k, and kz depend upon the units for 
measuring time tf. 

The sag equation cannot be solved 
explicitly for k; or ke The variable 
k; can be calculated from laboratory 
data. The variable k. is difficult to 
measure directly ; therefore, when Equa- 
tion 1 is used to determine ko, 
of trial-and-error solutions is usually 
required. In order to reduce these cal- 
culations, numerous simplifications, ap- 
proximations, and specific solutions to 
fit special conditions have been de- 
rived (2) (3) (4) (5). For example, 
Streeter (2) has presented a 


ing stream 


a series 


series 


of straight-line nomographs which are 
useful in ev aluating the nonexponential 
The general 
nomograph presented here solves the 


variables in the equation. 


eliminat- 
ing the trial-and-error solutions for k» 


oxygen-sag equation exactly, 


Development of the Graphical 
Solution 


As suggested by Fair 


then 


and 


Substitute Equations 2 and 3 into 


Equation |: 


Rearrange Equation 4 to obtain: 


dD, Le 


tegard f, k;, and ¢ as a composite vari- 
able; Equation 5 then has the form 
Fy(u) 


F,(w) = — F.(v) F3(w). . (6) 
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in which the various functions are 


F,(u) 


10-1! — 


(9 


and 
F,(w) 


Equation 6 is the prototype equation 
for a nomograph consisting of two par- 
allel straight-line axes and a curvilinear 
function dependent upon them (6). 
If Equation 5 is plotted directly, how- 
ever, the location of the curves is awk- 
ward, and the requisite scales produce 
axes too long for a nomograph which 
can be read accurately, yet be conven- 
ient in size. In this instance one axis 
has been realigned to represent D,/La, 
the other is L,/D,, and the curvilinear 
function is a family of curves relating 
f, ki, andt. Burrows’ system of hyper- 
bolic coordinates (7) has also been used 
to restrict the nomograph to suitable 
dimensions. Figure 1 is the completed 
nomograph. 


Use of the Nomograph 


The directions on the nomograph 
show how to find f and k, and how to 
use f to find D., the critical oxygen defi- 
cit (the lowest point on the curve), 


The 


nomo- 


and the corresponding time t¢.. 
chart straight-line 
graph for computing k,t and ¢,. 
When the water at the initial location 
is saturated with oxygen so that there 
is no deficit, i.ec., when D, = 0, then 
L./D,a is undefined. In this case, the 


includes a 


SEWAGE AND INDUSTRIAL WASTES 


September 1958 


straightedge cannot intersect the L./D. 
axis but must be placed parallel to the 
axis. If this parallel line crosses the 
D,/L, axis at the calculated point, it 
intersects k,t at the corresponding value 
of f. For example, if D,/L. = 0.20, 
k, = 0.10, and ¢ = 1.4, then f = 2.0. 
In determining critical values ‘when 
D, = 0, the line is both parallel to the 
L,/Dq_ axis and tangent to the proper 
f-curve; it intersects the D,/L, axis at 
D./Le, and the point of tangency oc- 
curs at kyt.. For example, if f = 2.0, 
then k,t. = 0.30 and D,./L, = 0.25. 
The permissible BOD load can then be 
calculated by dividing D./L, into the 
maximum allowable oxygen deficit to 
maintain a specific minimum dissolved 
oxygen content. 
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BIOLOGICAL BALANCE IN STREAMS #* 
By Downa.p C. Scorr 


Associate Professor of Zoology, University of Georgia, Athens, Ga. 


The concept of biological balance in ton; those forms associated with the 
nature was probably first formulated bottom, benthos; and the actively free- 
by biologists working on lakes. Lakes swimming organisms, nekton. This 
are such sharply delimited areas of ecological classification of aquatic or- 
the environment that they lend them- ganisms is retained today in all phases 
selves readily to consideration as of aquatic biology. Superimposed 
closed biological systems in which upon this classification is another based 
nutrient elements are circulated annu- upon the nutritional position of the 
ally. As early as 1887, Stephen various organisms. Thus, there are 
Forbes (1) emphasized this fact in his those organisms which are capable of 
essay entitled ‘‘The Lake as a Micro- harnessing the sun’s energy with the 
eosm.’’ Many lakes are, indeed, aid of chlorophyll and producing or- 
practically closed systems whose out- ganie matter from carbon dioxide and 
flow and inflow are inconsequential water. All such organisms are plants 
when compared with the volume of and are referred to as phytoplankton 
standing water. Furthermore, in tem- or phytobenthos depending upon 
perate climates, lakes often pass where they live. Photosynthesizing 
through an orderly and predictable plants are designated as the primary 
sequence of physical, chemical, and producers in a biological system since 
biological changes with the passage of all other organisms are in one way 
the seasons. These changes tend to or another dependent upon them as 
assure the annual circulation of energy a source of organic material and thus 


and nutrients throughout the system. of energy. The animals, regardless 
of where they live, are consumers and 
Food Chain may be classified as primary consumers 


(those that feed on the primary pro- 
ducers), secondary consumers (those 
that feed on the primary consumers), 
and so on. Such a nutritionally inter- 
related assemblage of organisms forms 

* Presented at the First Georgia Industrial a food chain. These relationships wrted 
Wastes Conference; Atlanta, Ga.; Apr. 11, be best illustrated by the following 
1958, diagram : 


The organisms inhabiting lakes were 
classified at an early date according 
to their habitats. The small floating 
and drifting forms were called plank- 


Primary energy source be Sun — 

Primary producers Phytoplankton Phytobenthos 

+ 
Primary consumers Plankton grazers Browsers 

Secondary consumers Plankton predators Benthic predators 
| 

Tertiary consumers —» Larger predators «—~ 
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Each level in a food chain is de- 
pendent upon the preceding level as a 
source of energy in the form of organic 
matter. These materials were origi- 
nally elaborated by the primary pro- 
ducers and from level to 
level in variously modified forms. The 
Same concept may be applied to the 
various chemical elements which are 
essential to living things (nitrogen and 
phosphorus, for example). In a closed 
and balanced the amount of 
energy or matter accruing to any given 
level of the food chain would be, on 
the average, constant. 


passed on 


System 


This energy or 
matter might be used in several ways. 
Some of both must be used in the 
maintenance of the crop of organisms 
existing at the level in question. 
Energy so expended would be wasted 
as heat while the matter would ulti- 
mately be returned to the system in 
erude form in the waste products and 
dead bodies of the organisms. Some 
of the energy and matter must be 
passed on to the next level of the food 
chain. Bacteria serve important roles 
in converting excreted substances and 
dead bodies into substances which may 
be utilized over again by the primary 
producers. Unless removed from the 
the harvesting activities of 
some other predator from the 
all energy must ultimately be 
wasted as heat and all chemical ele- 
ments returned to the system in erude 
form. In a completely closed system 
there is no inflow, outflow, or loss to 
sediments, but in lakes in nature these 
factors may be measured and taken 
into account when the energy or ele- 
ment flow through the system is stud- 
ied. This concept of the operation of 
a body of water was well formulated 
by Lindemann (2) in 1942. He at- 
tempted to estimate the quantities of 
energy passing through the various 
functional components of a small lake 
in Minnesota. 


system by 
man or 


outside, 


Biological Balance 
Lakes 


When applied to a typical standing 
water environment, the term ‘‘biologi- 
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cal balance’’ has an _ unequivocal 
meaning. A lake may be said to possess 
a rate of metabolism just as an in- 
dividual organism. The energy and 
basic raw materials necessary for life 
may be rather strictly accounted for 
and balanee sheets drawn up for them. 
The 


maintenance, 


amounts of energy required for 
growth, and replacement 
at the various levels may be estimated 
and annual budgets for 
them. Some communities 
achieve 


state 


ascertained 
aquatic 
what is known as a ‘“‘steady 
in which losses through the out- 
let and sedimentation are exactly bal- 
anced by nutrients and energy enter- 
ing the system. It is thus easy to see 


how the concept of biological balance 


might be applied to such a system 


Streams 


On the other hand, the application 
of these same principles to streams is 
fraught with many complications and 
difficulties from lakes 
in several fundamental characteristics 
the stream 
is constantly flowing in one direction. 
Thus, there can be no eyeling or re- 
circulation of nutrients or 
elements. Since most 
isms do not move with the e1 
except by accident, these 
are constantly supplied with me- 
dium. The quality and quantity of 
the water passing any given point de- 


Streams differ 


By definition water in a 


chemical 
stream organ- 
vironment 
organisms 


new 


pend entirely upon conditions in the 
While these con- 
ditions vary within limits, and 
such as temperature, may be predicted 
with 


watershed upstream. 


some. 


fair 
environmental 


accuracy, important 
factors such as 
flow and 
upon the vagaries 


Major floods. for 
certainly have catastrophic effects for 


many 
volume 
and rate of turbidity are 


of the 


instance, 


dependent 
weather. 


many stream organisms, vet these may 
month in the 


Streams can thus be characterized as 


occur at any year. 
being a highly variable and unpre- 
dictable environment as well as one in 
which there is no opportunity for the 
reeyeling of energy or elements. 


4 
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Plankton 


When the various ecological niches 
in streams are examined, further dif- 
ferences from the lake environment are 
obvious. These are especially evident 
the plankton is considered. 
Streams can have little in the way of 
the true planktonic populations which 
are so important in lakes. A stream 
must be constantly with 
planktonic organisms from upstream 
sources such as lakes, ponds, and quiet 
backwaters which are in communica- 
tion with the stream. Once in the 
stream the ability of these plankton 
organisms to maintain themselves de- 
pends largely upon the turbidity and 
turbulence of the stream. In turbid 
streams the primary producers may 
not receive sufficient light to maintain 
themselves, much less support a popu- 
lation of consumers. Turbulence, 
while it results in an equal exposure 
of the primary producers to the en- 
ergy-giving rays of the sun, produces 
a certain amount of attrition of these 
delicate organisms against the 
pended solids and the bottom of the 
stream. While quantitative data are 
difficult to obtain in most 
rivers because of the difficulty of sepa- 
rating plankton from silt, it appears 
that truly planktonic organisms cannot 
at present maintain themselves in sig- 
nificant numbers in the streams of this 
The increasing numbers of 
major impoundments along the prin- 
cipal river may materially 
change this situation by allowing the 
suspended solids to settle out and by 
providing constant sources of plankton 
organisms. 


when 


seeded’ 


SuSs- 


Georgia 


state. 


systems 


Benthos 


The benthos of a stream seems to be 
more dependent upon the nature of 
the available substrates and the cur- 
rent speeds than upon other factors. 
The bottoms of most of the major 
streams in Georgia are composed of 
shifting sand. When such bottoms are 
sampled by ordinary means they are 
found to be relatively sterile. Re- 
peated dredge hauls transecting these 
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rivers yield little in the way or organ- 
isms other than a few fly larvae, 
worms, and clams. In these same 
rivers, however, a careful examination 
of the more or less fixed substrates 
yields a quite different picture. The 
trees and brush which fall into the 


rivers everywhere along the banks, the 
exposed roots of trees still standing, 
and the hard clay and rocks exposed 
in the river beds support surprisingly 


large and diverse groups of aquatie 
invertebrates. These organisms which 
are living either on or in relatively 
stable substrates in the larger streams 
appear to be among the most im- 
portant members of the stream com- 
munity. The most abundant of these 
organisms are those which are adapted 
for straining small particles from the 
passing water. The net-spinning 
larvae of caddis flies and midge flies 
and the water-straining larvae of 
blackflies are the dominant members 
of these fixed communities. The nu- 
tritional basis of these organisms seems 
to lie in the suspended particulate or- 
ganic material which the current of 
the stream constantly sweeps by them. 

When the this material 
is examined it can only be coneluded 
that the relatively sparse plankton of 
the stream plays a minor role in its 
origin. In all probability most of 
the material originates outside the 
stream itself. When consideration is 
given to the mass of dead leaves econ- 
tributed to a stream during the fall 
season and the organic material washed 
from the swamps by floods, it is evi- 
dent that a large part of this material 
might be derived from the adjacent 
land. 

Primary producers in the form of 
phytoplankton or phytobenthos have 
little chance of establishing themselves 
in quantity in the major rivers. 
Growths of filamentous algae may be 
noted on attached surfaces when 
stream conditions are stable for ex- 
tended periods, especially in the spring 
before the leaf growth of marginal 
trees shades out potentially produc- 
tive areas. However, the contribution 


souree of 
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of these aquatic primary producers to 
the organic detritus during an annual 
cycle must be relatively small in the 
silty southern rivers unless water lev- 
els remain extraordinarily stable. 


Sampling Technique 


In order to sample benthic popula- 
tions and to test some of these hy- 
potheses a sampling technique has been 
developed for use in large silty rivers. 
The basis of this technique is known 
as a “‘brush box.’’ It consists of a 
cube of 14-in. mesh hardware cloth 
in which are placed sticks, stones, and 
other types of stable substrates. These 
boxes may be placed at comparable 
depths and current speeds at points 
where samples are desired. Within 
a month or so during the summer 
season these boxes become populated 
with a variety of organisms which 
are characteristic of the river at the 
point in question. The relative abun- 
dance of the different 
some indication of the habitability of 


species olives 


the stream for the various groups of 


organisms. Brush box samples up and 
downstream from a point of suspected 
pollution can be compared on a quasi- 
quantitative basis to determine the ef- 
fects which the pollution may have 
had on the fauna of the stream. 

It has been possible to make some 
general observations from brush box 
sampling. Other things being equal, 
brush boxes placed in fast water sup- 
port more organisms than those in 
slowly moving water. Mild organic 
pollution produces an increase in the 
numbers of organisms in boxes in both 
fast and slow waters. One general 
conclusion which can be drawn from 
these observations on large southern 
rivers is that the important factor sup- 
porting the benthic communities is not 
so much the concentration of 
pended organic matter but rather the 
total amount passing a given point in 
a certain time. This concept is not 
new. It was first applied by Butcher 
(3) to the relationship between dis- 


sus- 
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solved nutrients and algal growths in 
English rivers. 


Summary 


The term biological balance cannot 
be applied to streams in quite the 
Same way it was originally applied to 
lakes. Annual balance sheets for the 
energy and elements may be drawn 
up for any given stretch of stream 
but it must be recalled that both avail- 
able energy and elements are much 
more variable than either of them is in 
lakes and that a stream is a system 
which is wide open at both ends; thus, 
the opportunities for recycling of en- 
ergy and elements are very limited. 
In practical terms therefore, biological 
balance in streams is quite different 
from the concept as it is applied to 
lakes. It is not based on a balance 
of energy or elements, but on the rela- 
tive abundance of the various organ- 
isms composing the communities 
within the stream. 

It has been customary to analyze 
stream populations in terms of the 
relative abundance of the various taxo- 
nomie and/or physiologic groups rep- 
resented 
of so-called pollution-tolerant species 
over pollution-sensitive ones has long 
been considered a measure of the de- 
gree of pollution of a stream. Patrick 
(4) has attempted to quantify this 
evaluation and at the same time recog- 
nize the seasonal and other variations 
that occur at so-called sta 
tions. 


The degree of predominance 


The point which should be em- 
phasized here is the fact that under 
normal, unpolluted conditions in many 
and particularly where photo- 
synthesis is limited by turbidity) the 
animal may 
organisms which are dependent upon 
outside organic matter. 
Thus, pollution, if it provides organic 
matter and no toxicants, need not re- 
sult in any imbalance of the biota of a 
stream so long as it is added in quan- 
tities which are assimilable, since it 
simply adds to natural sources. Exces- 


cases 
population consist of 


sourees of 
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sive quantities of organic materials in 
a readily assimilable form may exhaust 
the capacity of a stream for reoxy- 
genation and thus limit the popula- 
tions of organisms to those species 
capable of withstanding low dissolved 
oxygen tensions. These populations 
may, nevertheless, be in ‘‘balance’’ 
with their environment. These same 
organisms are present in relatively 
small numbers in any stream, hence 
their mere presence is not necessarily 
an indicator of pollution. 

It is believed that the working con- 
cept of biological balance in streams 
has been unduly influenced by earlier 
work on lakes where a true balance can 
be said to exist. In streams ‘‘balance’’ 
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logical diversity.’’ It should also be 
remembered that the degree of this di- 
versity is dependent upon other fac- 
tors as well as pollution. 
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CORRECTIONS 


In the paper, ‘‘Significance of Minerals in Waste-Water,’’ by Ralph Stone 


and John C 


Merrell, Jr. (Turis Journau, 30, 7, 928; July 1958), the first column, 


headed ‘‘USPHS Drinking Water,’’ in Table I, page 929, should contain the 


following values instead of those listed : 


Bacterial: 


Coliform (No./ml 0.01 
Organic: 
BOD (ppm — 
Ether solubles (ppm) —_— 
Volatile acids (ppm = 
Physical: 
pH 
Turbidity (ppm)* 10 
Color (ppm)* 20 
Susp. solids (ppm) — 
Floating solids _— 
Odor Not objectionable 
Taste Not objectionable 


Temperature (°F _ 


* Filtered water. 
>» Recommended. 


Chemical: 


Total diss. sol. (ppm) 500° 
Chlorides (ppm 250” 
Fluorides (ppm) 1.5 
Toxie metals (ppm)* 0.05 
Phenols (ppm) 0.001" 


Soron (ppm) 
Hardness, CaCO, (ppm) — 
Nitrates, as NO, (ppm) — 
Na (%) 
Detergents, ABS (ppm) _— 


© Arsenic, selenium, hexavalent chromium— 
0.05 ppm; lead—0.1 ppm. 


In the paper, ‘‘The Significance of Detention in Sedimentation,’’ by E. B. 


Fitch 


Tus JournaL, 29, 10, 1123; Oct. 1957), the figures in the third column, 


headed ‘‘ Overflow Rate (ft./hr.),’’ under ‘‘1-ft. Depth,’’ of Table II, page 1129, 
should be multiplied by 0.6 to obtain the correct values. 
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AN EFFECT OF BIOLOGICAL IMBALANCE 
IN STREAMS 


By Wituiam A. CAWLEY 


Sanitary Engineer, Rayonier Inc., New York, N. Y. 


A startling effect of biological im- 
balance which, in recent years, has be- 
come a problem of considerable magni- 
tude in many areas is the development, 
below industrial outfalls, of 
growth of filamentous slime 
bacteria. In many cases these infesta- 
tions have developed in areas where, 
by the normal standards used to judge 
waste disposal methods, excellent con- 
ditions exist. In these cases the in 
festations have resulted from a shift 
in the bacterial predominance to ¢om- 
pensate for the introduction of large 
quantities of food, in a highly dilute 
form, into the biological environment 
Either Sphaerotilus natans or Lepto- 
mitus lacteus have been able, usually, 


massivé 
encased 


to assume predominance and develop 
the quantity of organisms required to 
constitute an infestation. In this 
country Sphaerotilus has been the or- 
ganism responsible for the major share 
of this problem. Leptomitus appears 
to be limited to situations of low pH, 
and little data beyond the statement 
that they are involved are available on 
Beggiatoa, Thiotriz, and Fusarium. 

This discussion describes attempts to 
solve a Sphaerotilus natans infestation 
downstream from the Jesup (Ga.) Di- 
vision of Rayonier Ine. 


Waste Data at Jesup 


This plant is designed to manufac- 
ture from southern pine 600 tons per 
day of cellulose for use as a raw ma- 
terial in the rayon industry. The 
process used is one closely akin to the 
bleached Kraft paper process. A tabu- 
lation of a typical analysis of the 
waste as it enters the river is shown 
in Table I. BOD and pH are deter- 


mined in accordance with ‘‘Standard 
Methods”’ (1 the COD is the 
acid permanganate oxygen consumed 
test shown in the 9th edition of 
‘‘Standard Methods’? (2 The re- 
maining determinations those de- 
veloped by the National Council for 
Stream Improvement (3 The quan- 
tity of roughly doubled 
when the production capacity was in- 
creased from 300 to 600 tons per day 
with the completion of a mill 
1957. 


while 


are 


waste Was 


ynd 


unit in October 


Stream Data 


for this 
River which is 


The receiving body of water 
Altamaha 
a stream of considerable size, draining 
the mill 13,600 sq 
or about a 


waste is the 


above some miles, 
state of 


Doctor 


quarter of 

The 
gage (4 

the mill outfall show a 23-yr average 


12,930 efs, 


records of the 


Georgia. 
town just downstream from 
annual varia- 
tions from a maximum of 39,000 efs 
to a minimum of 1,870 efs. Although 
a new minimum which was not shown 
in the has established 
since the mill operation began, experi- 


flow of and 


records been 


TABLE I.—-Waste Analysis of Pulp 
Mill Waste at Jesup, Ga. 


Item 


BOD (mg/] 
COD (mg/] 
pH 

Resin acid 

Mercaptans 


mg/] 6-8 
mg/] 6 
Sulfides (mg/I 1.0 
Conductivity (umhos 1,600 
Quantity (mgd per mill unit)* 20-22 
* Jesup division consists of two units, each 

capable of independent operation 
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30 40 


from OUTFALL 
(MILES) 


FIGURE 1.—Maximum and minimum dissolved oxygen and biochemical oxygen demand 
of river for distance of 40 miles below pulp mill outfall. 


ence with the 4 to 5 years of operation 
of the original mill unit showed that, 
except on rare occasions, a dilution of 
at least 100:1 was available for the 
effluent of that mill. 


DO and BOD 


The data obtained during weekly 
river trips over the period of mill op- 
eration are summarized in Figure 1 
in the form of a maximum and mini- 
mum DO and BOD curves. 

The rather strange shape of these 
curves in the range 0 to 5 miles is a 
function of the placing of the sampling 
points. The zero-mile or outfall sam- 
ples are collected out of the boil over 


the end of the sewer. The 200-yd 
samples (not shown) and the 1-mile 
samples are collected in the river chan- 
nel prior to the point where mixing 
is complete. These samples show that 
even under these conditions of incom- 
plete dispersion of the waste, sufficient 
oxygen is available for aquatic life. 
Depletions in DO range from the 
0.2 to 1.2 mg/l shown with an average 
depletion of between 0.8 and 1.0 mg/l. 
The abnormal cold of the winter of 
1957-8, which depressed the river wa- 
ter temperature to 4°C coupled with 
a flow of 30,000 efs, produced the 
maximum curve shown. The concen- 
trations represent 90-plus per cent 
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FIGURE 2.—Effect of heavy Sphaerotilus infestation on a fishing net after 24 hours 
of exposure. 


saturation. The minimum curve shown 
here was reached only once in the 
five years of operation. It represents 
the combination of low DO water 
draining out of the swamps on a fall- 
ing river stage with a unique loading 
resulting from a mechanical failure in 
the mill, which had not oceurred prior 
to that time and which has 
curred again. Since the time this situ- 
ation recorded, changes in the 
waste disposal system have been made 


not oc- 
was 


to eliminate the possibility of a simi- 
lar recurrence. Depending on river 
conditions, the curve for any particu- 
lar day will, of course, lie somewhere 
between these extremes—usually in the 
7 to 8 mg/l range. 

The BOD load from the mill is rela- 
tively constant and the initial BOD 
level in the river is essentially a fune- 
tion of the dilution available and the 


amount of BOD (approximately 1 
mg/l) in the upstream water. 


Bottom Organisms 


An extensive study of the bottom 
organisms of the river by Seott (5) 
has shown that the effect on the pollu- 
tion-sensitive species is of no great 
magnitude. He further found that 
there was ample evidence that toxicity 
was not a factor that whatever 
changes occurred were temporary. 


and 


Slime Encased Bacteria 


With this picture of slight imbal- 
ance, some year and a half after the 
start of mill operation, a serious prob- 
lem of Sphaerotilus natans infestation 
developed. As with most problems of 
this type, it showed itself by a cover- 
ing of the debris and other material 
in the river with a fur-like coating of 
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organisms. At points of heavy growth, 
the Sphaerotilus developed into large 
bulb-like clumps. These growths are 
obviously objectionable from the 
aesthetic point of view. In addition, 
when the Sphaerotilus floc develops in 
size beyond the physical strength of 
the anchor or when decomposition in- 
side the growth weakens its connection, 
the floc breaks loose and floats down- 
stream, mechanically attaching itself 
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to anything it encounters. When com- 
mercial net-fishing operations are ¢ar- 
ried on in the area of infestation or 
downstream from it, the results can be 
highly undesirable. Figure 2 shows 
the effect of heavy infestation on a net. 

Studies of Sphaerotilus natans have 
been made on numerous 
some from the pure bacteriological 


occasions, 


point of view, others because of its 
activated 


appearance bulking 


| 

4 

ae 
2 

‘ 
beg 

+ 
FIGURE 3.—Photomicrograph of Sphaerotilus—approx. 320 . ae 
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sludge, and several in connection with 
infestations. 

Of the many papers written on this 
organism since it was discovered by 
Kutzing in 1833, those of most interest 
from the point of view of Sphaerotilus’ 
part in imbalance are by 
Lackey and Wattie (6), Hoehnl (7 
(8), Stokes (9), and the literature re- 
view prepared from the National Coun- 
cil for Stream Improvement (10). A 
summary of the reported metabolites 
is listed below: 


stream 


tilus Metabolites 


Leucine 
Glutamic Acid 
Aspartic Acid 
Asparagine 
Alanine 
Cystine 
Tryptophane 
Arginine 


Glucose 
Galactose 
Fructose 
Maltose 
Sucrose 
Sorbitol 
Mannitol 
Succinic Acid 
Fumaric Acid Proline 
Sodium Butyrate Methanol 
Lactic Acid Ethanol 
Pyruvic Acid Butanol 
Acetic Acid Glycerol 


Environmental conditions for Sphae- 
rotilus development are as follows: 


Requirement 

pH 6.0-8.0 

Temperature 5—40 

DO (mg/! 3.0 (min 
Nitrogen Organic source preferred 
-no data on min re- 

quirement 

Phosphorus (mg/] 0.02 (min 
Sphaerotilus natans is a member of 
the Chlamydobacteriaceae. Normally 
it is found in a filamentous form with 
its rod-shaped cells (1 to 2 » X 3 to 8 
uw) enclosed in a sheath as shown in 
Figure 3. Reproduction is by binary 
fission. Although investigators 
report fragmentation motile 
conidia, this does not appear to be a 


some 


into 


form of reproduction common in prob- 
lems associated with pulp mill efflu- 
Growth usually takes place with 
one end of the colony anchored while 
the remainder is suspended in the cur- 


ents. 


rent. The development of large num- 
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bers of colonies which intertwine gives 
the fur-like appearance of infestations. 


Infestations 


In problems associated with Kraft 
pulp and paper mills, the 
souree of nutrients for the slime de- 
velopment is limited to the black liquor 
and re- 
covery process. In a _ well-operated 
mill, this amounts to about 3 per cent 
of the liquor. Based on Hagglund’s 

11) analysis of a typical black liquor 
Table Il), the primary nutrients are 
formate, methanol, lactate, acetate, and 
probably some saccharinie acids and 
lactones, 

Pure compound made at 
Jesup of these materials at concentra- 
tions of 1 mg/l] using simulated river 
conditions have shown that lactate and 
acetate will support heavy growth 
while formate and methanol will sup- 
port somewhat smaller developments. 
These materials represent roughly 15 
per cent of the total waste load from 
a mill. In the particular case under 
diseussion about 0.5 mg/l of BOD in 
the river or 8,000 to 9,000 lb of BOD 
per day can be attributed to these four 
compounds 

Sphaerotilus demonstrated the 
ability to establish quan- 
tity at amazingly low food concentra- 
tions. Hoehnl (8) reports growth at 
1 - 1.000.000 
which 


tion of 20 to 50 


process 


lost in the cooking, screening, 


studies 


has 
growth in 


dilution of beech liquor 
sugar concentra- 


Amberg (12) 


amounts to a 


ug l. 


TABLE II.—Kraft Black Liquor Analysis 
as a Fraction of the Weight of the Wood 


Cellulose 
Alkali lignin 
‘sin, fats, etc. 
sactones and hydroxy (saccha- 
rinic, lactic 
Acetic acid 
Formic acid 
Methyl alcohol 
Lignins soluble in acid solution 


acids 


| 


4 
12.8 
21.6 
2.2 ; 
18 
0. 
6.4 
_ 
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has found that within limits the quan- 
tity of growth is independent of the 
dilution of the food. Extensive studies 
of activated sludge treatment of the 
Jesup waste have shown that treat- 
ment to effect 90 per cent BOD removal 
with activated sludge, and subsequent 
dilution of 100:1 in the stream, still 
does not prevent Sphaerotilus growth. 
Dilution of the mill effluent to 500: 1 
at high river stages relieves the prob- 
lem somewhat but makes only small 
reductions in the quantity of growth. 


Temperature 


The environmental condition which 
has the most pronounced effect on 
Sphaerotilus infestations is the tem- 
perature of the river. A definite vari- 
ation in the extent of the growth area 
ean be seen with variations in tempera- 
ture. With a relatively constant sup- 
ply of food, the changes in the rate of 
metabolisms brought by temperature 
manifest themselves as an increase or 
decrease in the extent of growth. Dur- 
ing the summer when the temperature 
of the Altamaha River approaches 
30°C the growth 
within 200 yd of 


Figure 4) recedes to 
the outfall. 


As the 


EXTENT OF DEVELOPMENT (MILES) 
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river temperature drops to its usual 
10°C winter level, the extent of growth 
increase is to about 15 miles. 

This is a startling effect, particu- 
larly when it is considered that the 
river flow is lower in the summer, thus 
increasing slightly the concentration of 
food. However, this 20°C change in 
temperature results in a four-fold in- 
erease in the demands of each organ- 
ism on the relatively constant nutri- 
ent supply, thus decreasing markedly 
the potential number of organisms. 

During the period of abnormally 
cold river temperature (4°C) of 1957- 
8, growth almost entirely ceased but 
recovered with rising temperatures. 


Control Procedures—Full Scale 


An interesting approach to the con- 
trol of these infestations is by the use 


of the method of intermittent dis- 
charge developed by Amberg and 
Elder (13 This method is intended 


to keep the organism in its lag growth 
phase by discharging the waste in 
short periods, thus preventing the de- 
velopment of infestation quantities. 
Amberg reports that a discharge over 


RIVER TEMPERATURE (*C) 


I 
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FIGURE 4.—Relation of extent of macroscopic growth of Sphaerotilus to 
river temperature. 
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a period of two hours in a day will 
prevent growth development and over 
a maximum period of six hours in a 
day will reduce growth. Although the 
physical facilities did not permit re- 
duction of the discharge period below 
8 to 10 hr per day, this method was 
used with some success on several oc- 
easions at Jesup. The first attempts 
made during the early months of 1957 
were timed to begin after mill shut- 
downs had cleared the river of growth. 
Three trial runs under these conditions 
showed that growth could not be pre- 
vented but that development to in- 
festation proportions was delayed by 
two to three weeks. A later trial run 
when growth was already established 
in the river showed no discernible re- 
duction. in this last run, 
discharge periods could not be much 
below 12 hr due to high river stages. 


However, 
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Control Procedures—Laboratory 


The effectiveness of other measures 
for controlling infestation has been as- 
sessed, using laboratory methods for 
simulating river conditions. Figure 5 
shows one of the methods used. In 
these studies the particular material 
being examined, either a treated efflu- 
ent, a pure compound for metabolism 
study, or a mill waste fraction is in- 
troduced into a tank, using a metering 
pump, and mixed with river water for 
dilution. After several days of opera- 
tion, the ability of the material to 
support growth can be estimated from 
the amount attached to the sides of the 
tank. Using this equipment, effluent 
treated by activated sludge, trickling 
filters, chlorination, lagooning, and by 
supplementation of inorganic nutri- 
has tested. To date the 
results have shown that the quantity 


ents, been 


FIGURE 5.—Equipment for simulating river condition used to evaluate waste potential 
for supporting Sphaerotilus. 
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of growth decreases directly with the 
reduction in BOD achieved by treat- 
ment of the waste before dilution, but 
that within the limits of conventional 
biological approaches growth cannot be 
prevented. Chlorination by itself 
was not effective in these tests. Nutri- 
ent supplementation work continues. 
Because of the ability to extract 
food, the critical factor is not the con- 
centration present but the amount 
which passes a given point. This situ- 
ation is supported by the observation 
that the growth in the river and in 
experiments at points of high river 
velocity is maximum. In laboratory 
scale experiments, the quantity of 
growth at a given spot can be in- 
creased markedly by using a stirrer, 
thus causing the waste to be recircu- 
lated past the point under considera- 
tion. In equipment such as shown in 
Figure 5, the addition of a stirrer will, 
in a matter of 48 hr, inerease the 
growth from a barely visible degree to 
a thickness of about one-half inch. 
In the river, quiescent areas are 
normally free of any visible growth. 


Discussion 


Although many years of research 
have been occupied with studies of 
Sphaerotilus, no completely satisfac- 
tory theory has been advanced for the 
occurrence of infestations. The known 
environmental conditions are low food 
concentration, high dissolved oxygen, 
near neutral pH, low temperature, 
and sufficient short chain organics (or- 
ganic compounds) to support the in- 
festation. The particular ability of 
this organism to extract its food from 
low concentrations with considerable 
efficiency is hypothesized as the pri- 
mary for its predominance. 
However, except for the low food con- 
centration, all of these environmental 
conditions are those under which al- 
most any aerobe should prosper. 
Formate, acetate, methanol, and lactate 
are metabolized by many bacteria com- 
mon to the soil and water. Unless 


cause 
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the ability of Sphaerotilus to extract 
food is unique, which is questionable, 
it would seem that some other factor 
is involved. 

The colonial form of Sphaerotilus is 
the proximate cause of the mass which 
makes up the infestation. A Sphae- 
rotilus floc contains accumulations of 


silt, together with a heterogeneous 
population of organisms. Present are 
other bacteria, protozoa, algae, and 


frequently some higher invertebrates. 
This population is bound together by 
the gummy filaments of Sphaerotilus 
acting as the binding tape. Numerous 
solids determinations on floes collected 
in the river have shown the volatile 
fraction to be about 50 per cent. The 
functional purpose of the sheath and/ 
or the colonial form has been the sub- 
ject of much discussion but little is 
actually known regirding the subject. 
Because of the growth at low food 
concentration, the possibility that it is 
a food concentrating mechanism pre- 
sents itself. This supposition is sup- 
ported by work with plate cultures 
grown on nutrient agar. As the con- 
centration of nutrients, both organic 
and inorganic, is decreased the fila- 
mentous forms become more obvious 
and the sheath thickness increases. 
Further work is now in progress to 
determine if the changes in the sheath 
are a reaction to the lowering of the 
concentration of an inorganic nutrient 
or the carbohydrate level. As regula- 
tions force industry toward low river 
food levels the answer to this problem 
will assume greater importance. 

The failure of biological treatment 
to prevent growth was unexpected. 
The short chain organics in the waste 
which support the Sphaerotilus should 
also be rapidly metabolized, either in 
an activated sludge plant or a trick- 
ling filter. It might be expected that 
partial treatment would result in 
either prevention or extensive reduc- 
tion in the growth developed. That 
this was not true, and the fact that 
even complete treatment to a highly 
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polished effluent only reduced the prob- 
lem, would tend to support the feeling 
that the ability of Sphaerotilus to 
predominate is strictly a food extrac- 
tion situation. In these experiments 
excellent sludges developed and no at- 
tempt was made to conserve nitrogen 
that the effluent 
should constitute a balanced diet for 
the river biota 

The limited intermittent 
discharge to control growth in the full- 
scale tests can be attributed mainly 
to the length of the discharge periods 
used. 


or phosphorus so 


suceess of 


Amberg’s basic data showed re- 
duction in growth with discharge pe 
riods of hours for experi 
ments of seven days duration. In the 
full-scale application definite reduction 
was shown during the first seven days. 
It was after two to three weeks that 
growth developed fully. This control 
measure was developed on the premise 
that during the discharge period th 
seed Sphaerotilus present would not 
far enough into the lag or 
possibly log growth phase to prevent 
their return to an endogenous phase 
during the waste holding part of the 
eycle. Discharge for many weeks at 
an interval greater than the 2-hr pe 
riod which prevented growth, slowed 
the development of the seed but did 
not return it to an endogenous state. 
In time, full growth developed. 

Since the infestation at Jesup did 
not develop until year 
half after the start of mill operations, 
there would appear to be some doubt 
as to the hypothesis that food level is 
the cause of the predominance shift. 
If the further work on this subject 
indicates that food level is the 
causative agent for Sphaerotilus in- 
festation, industries which produce 
waste containing short chain organics 
will be faced with a difficult problem 
if infestations are to be prevented 


over two 


progress 


some and a 


sole 


Summary 


Biological imbalance caused by the 
addition of substantial amounts of 
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waste to streams offering high dilution 
in the presence of sufficient dissolved 
oxygen, chain organic ¢om- 
pounds, near neutral pH, and other 
known environmental 
infestations of 
These infesta- 
tions are markedly affected by tempera- 
ture conditions, drastically by 
variations in the dilution, and can be 
reduced but not prevented by conven- 
tional BOD 


short 
and unknown 
conditions. causes 
Sphae rotilus natans. 


less 


reduction measures. 
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THE OPERATOR’S CORNER 


INTERPRETING LABORATORY OPERATING DATA * 


Ropert E. LEAVER 


Senior Public Health Engineer, Washington State Department of Health, 
Seattle, Wash. 


How operators are making 
maximum use of their laboratory work 
and records? How many occasionally 
sit down and summarize their annual 
reports and see if they can obtain 
additional information and learn les- 
sons that are not self-evident from the 
day to day operation? Probably not 
very many. 

To illustrate the type of informa- 
tion that may be obtained from 
monthly operating reports, the follow- 
ing discussion is based on a summary 
of the monthly reports from the City 
of Vancouver ( Wash.) sewage treat- 
ment plant for 1956 (Table I). 

The report and operation of the 
Vancouver plant. being exceptionally 
good, were readily adaptable to analy- 
sis and study for laboratory control. 


many 


General Data 
Flow 


The average flow per capita based 
on a connected population of 30,000 
gpd. Compare this with the 
average city water use in 1953 of 108 
gpd/eap, or 80 gpd/cap in winter and 
140 gpd/cap in the summer. Although 
these flow data are of value for plant 
operation, they do not show the sewage 
overflow to the river. Hence, special 


is 77 


* Presented at the 1957 Annual Meeting, 


studies would be necessary to deter- 
mine the seriousness of this problem. 
Up-to-date water consumption rates 
plotted against sewage flow, and in 
light of the rainfall curve, would be 
of real value in studying infiltration 
problems. It would be possible to de- 
termine the quantity of untreated 
overflow. 


Temperature 


The average temperature of Van- 
couver sewage for 1956 was 63°F. The 


average yearly temperature during 
1949 for all plants reporting in west- 
ern Washington was 57°F, and in 


eastern Washington 58°F. Hence, it 
would appear that Vancouver has con- 
siderably warmer sewage than other 
towns. Is this due to unusually warm 
industrial wastes or less infiltration? 
A little investigation and summary for 
other years, considering the mean air 
temperatures, might lead to some in- 
teresting observations. 


Grit 

The average of 1.0 eu ft of grit 
removed per day for 30,000 population 
is high for a purely domestic sewage. 
However, it is about what would be 
expected in Vancouver where some 
combined sewers still exist. Regardless 
of original expectations, grit chambers 


Pacifie Northwest Sewage and Industrial 
Wastes Assn.; Seattle, Wash.; Oct. 24— have, in general, been a necessity at 
26, 1957. certain times. 
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TABLE I.—Summary of Monthly Operating Data for the Vancouver, Wash., 
Sewage Treatment Plant for 1956 * 


Mar.) Apr. 


400 1,940 1.750 (1,100 


tion, approximately 30,000 


Sewage Characteristics 


Settleable Solids 


The average of 9 ml/l for raw sew- 
age is very high for plants in Wash- 
ington. The range usually runs from 
1.0 to 6.0 ml/1. 

To estimate the number of gallons 
per day of settleable solids produced, 
multiply settleable solids content in 
ml/l times flow in mgd times 1,000. 
In the case of Vancouver this is equal 
to 9 X 2.3 x 1,000, or 20,700 gpd. The 
collecting mechanism can be expected 
to concentrate the sludge more than an 
Imhoff cone and a concentration of 2 
to 1 often The amount of 
sludge actually pumped was 5,700 gpd. 
This represents a concentration of 3.7 
to 1. This seems high and makes it 


occurs. 


appear that the average settleable sol- 
ids value of 9 ml/1 is too large. A few 
days of sampling through a 24-hr pe- 
riod should establish a time for daily 
settleable solids sampling that will give 
results approximating the true aver- 
age. The effluent should not have over 
0.3 ml of settleable solids at any time, 
if the settling unit is operating right. 


Dissolved Oxygen 


The dissolved oxygen summary for 
Vancouver shows only a slight prob- 
lem during May, June, July, and De- 
cember. The summer drop of dis- 
solved oxygen is readily explained as 
a result of higher temperatures. The 
December drop is no doubt due to 
low flow. 
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a Monthly Average 
Item 
Sea yo Be | Jan Feb. | May} June | July Aug. | Sept. | Oct. | Nov. | Dec = 
Avg 23 2.5 95 2 97 2 
Max 63| 69| 71 24) 2.7 2.1 23) 20| 18] 18] 23 
Min 0.5 0.9 08 1.0 4 6.8 6.0 5.8 7.2 
Tem; F) ‘ 1.0 0.4 1.0 0.3 0.7 0.4 0.2 04 03 02 
Mir 46 49 70 69 71 73 73 69 87 64 73 
Grit (cu ft/day) 18 07 1 3 61 64 65 64 60 56 56 40 
Settleable solids (ml/1 7; 0 09! o4| 09] 14] 14] 09] 1.0] 1.0 
Renee ~ ppm I rr rr Tr Tr Tr Tr 
nft 3.2 33/1 3.5! 3.0 
Eff 33/ 35) 30) 23) 20) 17) 23) 28/ 31) 27/ 15) 26 
See a >H 2.2 2.8 3.0 2.6 1.9 1.6 1.6 23 24 28 24 13 > 3 
Sludge digestion 7.2 7.3 73 74 74 75 76 
32 101 1 105 104 106 105 107 105 107 108 100 
pH, No. 69| 71: 70! 70 - 28 99 93 95 93 
Gas (1,000 eu ft/day i2| 204) 236! 217) 14 4 7.1 7.0 7.0 7.0 7.0 
Sludg nped (g = I= BOO 5.382 |5 492 16 14.8) 8.¢ 21.8} 20.4 18| 19.4 
Sludge withdrawn (ga 5,362 5,422 6,010 5,000 | 5,851 | 6,176 5,943 | 5,558 | 5,374 | 5,440 | 5,600 
Sludge solids (%): 8,720 53,486 28,238 15,345 |40,507 |21,802 |21,875 
lid 2 21,540 
Digestec 8.1 7.2 7.0 68 7.0 646 7 79 
Volatile solids 9.3 12.5 12.1 9.6 9.3 10.8 
Raw 67 69 69 67 er 7) an 
Digested (68) (72) 74] 68) 70 
Chlorination 378| 304| 382| 41.1| 43.2] 39 
ta 0 0 0 81 ) ) 0 0 0 0 
Residual (ppm 0 8: 73 69 42 81 
Lime (It 1.000 0 ) 0.2 0.3 0.1 
Stee Costs ($ 0 0 0 0 0 0 0 iY 0 a 
Fe 85 86 83 94 182 218 83 an ay 
Chlorine 235 228 183 105 =) 194 76 
Labor 1.313 |1.236 |1,363 {1,388 |1,440 | 1.414 | 1.254 | 1,347 | 1,207 158) 128) 166 
Misc 27 420 71 "153 “22 <i 1,173 1,235 1.212 | 1.290 
Income = a7 | tan! 135 78 11 
105 37 195| 20 104 105 81 101 85 154 
Total | (1.673 | 1,621 5 
1,673 | 1,620 | 1,459 | 1,589 | 1,462] 1,390) 1,442} 1,415 | 1,510 
* Connected popula 
gen 
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pH 


The pH tests for Vancouver show a 
typical normal pattern, except for the 
months of April, July, and September 
when the average drop across the set- 
tling unit is more than 0.2. The 
reason for this drop is not self-evident. 
The lack of significance in pH drops, 
where the pH of the raw sewage is 
7.6 or higher, has been noted at many 
plants. 


Digester Operation 
Temperatures 


The temperatures of the Vancouver 
digesters are within the normal range 
for heated units. It is noted that no 
auxiliary fuel was necessary. Any 
mistake or trouble in operation during 
the winter in Washington often re- 
sults in a cold digester or the need for 
auxiliary fuel. Plants of less than 
5,000 contributing population cannot 
expect to heat digesters all year with- 
out auxiliary fuel. 


pH 


The pH record for the heated di- 
gesters shows they were well within 
the acceptable maximum methane 
range. In fact, the pH range is 
slightly higher than other plants in 
Washington. 


Gas Production 

The average gas production was 
0.65 cfd/eap, which is about average 
for primary plants in Washington. 
The gas production was 11 eu ft per 
pound of volatile matter destroyed. 
This is slightly lower than some other 
plants 


Sludge Characteristics 
Gallons Pumped 


The gallons of sludge pumped daily 
do not with the settleable sol- 
ids test and the average flow. If a 2 
to 1 concentration over Imhoff cone 
resulted in collection of sludge, the 
theoretical settleable solids would be 
4.9 ml/1. 


check 
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Per Cent Solids-Raw Sludge 


The raw sludge pumped is exceed- 
ingly high in solids as compared with 
other plants. Over 4 per cent solids 
is considered to be well-concentrated 
raw sludge. Vancouver raw sludge 
averaged 7.2 per cent solids. 


Per Cent Volatile-Raw Sludge 


The volatile solids content of the 
raw sludge is 70 per cent. This is 
higher than normal. Average would 
be 60 per cent. 


Sludge Withdrawn 


Vancouver withdrew, to covered dry- 
ing beds, 199,973 gal of (10.8 per cent 
solids) sludge during 1956. Approxi- 
mately 2,024,000 gal of (7.2 per cent 
solids) raw sludge were pumped to the 
digester. 


Per Cent Digested 


Vancouver does an excellent job of 


reducing the volatile matter during 
digestion. The calculated solids re- 
duction is 72.6 per cent. A heated 


digester should average at least 60 per 
cent. 


Chlorination 


It is obvious from the yearly sum- 
mary that the amount of chlorine 
added to the effluent was not sufficient 
to produce an adequate residual at all 
times. The average feed was 35 lb per 
million gallons. 


Operating Costs 


The 1956 cost of treating Vancouver 
sewage was approximately $21.70 per 
million gallons. The ineome from 
selling sludge and handling septic 
tank cleanings averaged $154 a month. 


Conclusion 


Although official agencies can be 
helpful, the real value of reports and 
laboratory work depends almost en- 
tirely on the intelligence and degree 
of use the operator puts into making 
the report and interpreting it. 
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COMBINED TREATMENT OF POULTRY AND 
DOMESTIC WASTES * 


By J. M. Roperts 


Vice-President, Robert and C 

It has been in comparatively recent 
years that poultry raising, processing, 
marketing, and distribution operations 
have become centralized in this as well 
as other areas, 

The poultry industry lo- 
cated mainly in the northeast Georgia 
area began about 1935 and at present 
eight major plants 
small locality that 
birds daily, with 
330.000. 

The industry as a 
about as follows: 

1. The furnishes 
chicks and feed to the grower. 

2. After about six weeks the grower 
sends the broilers to the processor 

The 


pared, 


Georgia 


contains in one 
270.000 


of 


process 
peak handling 


rule functions 


processor 


baby 


broilers are processed, pre- 


and marketed by the processor. 


Wastes from Processing 


>» waste contributed by the proces- 

constitutes the bulk of liquid 
waste for treatment and eventual dis- 
posal to the streams. Hatcheries have 
a shell problem usually re- 
solved by separating and hauling the 
shell sand (finely ground shells). This 
material is an excellent source of lime- 


disposal 


stone for soil conditioning. 
Broilers are delivered by truck to 
the plants and are hung live by their 


* Presented at Industrial Waste 
ence, Georgia Institute of Technology; 


lanta, Ga.; Apr. 11, 1958. 


Confer 
At 


pany Associates, Atlanta, Ga. 


feet on a moving chain, which delivers 
them to the killing position where the 
throat slit and blood flows into a 
trough which connects to drums for 
storage. In some plants the blood is 
with a and the 
into drums with the 
The 
chain continues through the plant and 
the birds mechanically picked, 
washed, cleaned, washed again, and 
finally removed from the chain. At 
strategic locations along the chain, 
drums are provided for storing feath- 
ers, offal, heads, feet, and other serap 
and waste products. The dressed bird 
goes to the process that is being prac- 


is 


sprayed coagulant 
residue shoveled 


supernatant going to the sewers. 


are 


ticed on that day, i.e., freezing, cutting, 
Ti Plants that are 
subject to federal government inspec- 
tion have a ‘‘flow-away system,’ 
offal, heads, feet, ete 
to a central screening station. 


refrigeration, or other 
’ where 
in a flume 
Residue 
removed by the screen is placed in 
drums and sent to rendering plants 
while the liquid is recireulated through 
the The 
flow goes to the sewer. 
Rendering plants in the area offer 
a ready market for offal, feet, heads, 
scraps, ete., to be converted to tankage 
and used as a feed additive or proe- 
pet food fertilizer. In 
spite of this apparent profitable means 
of disposal, a large percentage of this 
material finds its way into the sewers. 


row 


‘flow-away’ flumes over- 


essed as or 


TABLE I.—Liquid Poultry Waste Characteristics from Gainesville, Ga. 


j 
nple 


Half poultry waste + half 

domestic sewage 

Poultry waste 

Composite 24-hr mixed sample 


BOD 
(ppm) 


Grease 
(ppm) 


780 
1,100 
510 


1186 
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‘ 
| 
: Solids | | 
Sar (ppm) (ppm) 
698 478 ¥ 378 
Qs 564 346 49 
| 981 v0 | 
691 228 170 
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from 


taken 
processing plants indicated character- 
istics as shown in Table I. 


Samples sewers near 


The number of birds being processed 
when the data shown in Table I were 
collected is not known; however, ad- 
ditional information obtained at a later 


date for a weeks operation is as fol- 
lows: 
Total Water Unit Water 
No. of Birds 
Processed nil gal) (gal per bird) 
815.000 2.66 3.26 


The water used per bird averaged 
9.52 gal in the government inspected 
plants and only 2.17 gal in the other 
plants. By assuming from Table I 
that the BOD equals 1,100 ppm, then 
the BOD contributed per bird amounts 
to 0.03 Ib. 


By accepting 


0.17 lb BOD per per- 
a normal sewage con- 
six birds proc- 
person. In plants 
where no attempt is made to recover 
offal, ete., this BOD loading would be 
much greater. 


son per day as 


tribution, then each 


essed equals one 


On the basis of 3.26 gal of water per 
bird and the analy sis of 100 per cent 
waste, composition of the waste to be 


expected from a processing plant per 


1,000 birds is about as follows: 
Item Lb per 1,000 birds 

Total solids 26.6 

Suspended solids 15.3 

Settleable solids 9.4 

Crease 1.3 

5-Day BOD 30.0 


The waste should, and does, respond 
readily to biological treatment, and if 
troublesome materials such as feathers, 
feet, heads, ete. are removed no par- 
ticular troubles are experienced. 


Combined Treatment Plant 


Prior to 1949 the sewerage system 
at Gainesville consisted of a series of 
outfalls and laterals piped to the near- 
est point of natural drainage. The 


rapid growth of the poultry industry 
and shifting of their operations to 
more spacious areas made it manda- 
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tory that something be done to relieve 
the rapid deterioration of one stream 
receiving a large part of the untreated 
poultry waste. As a result the sewage 
and waste in this particular drainage 
area were collected in a new outfall 


and pumped to the Chattahoochee 
drainage area. Further growth has 
caused this outfall now to be near 


capacity. 

A large dam project, with its at- 
tendant reservoir, subsequently became 
a certainty and was responsible for 
plans to collect and treat all sewage 
and waste in a common plant. Due 
to the large lake that would receive 
the treated waste, a plant designed for 
80 to 85 per cent suspended solids 
and 60 to 65 per cent BOD removal 
was considered adequate. The com- 
bined raw waste for design purposes 
was considered to have a suspended 
solids content of approximately 500 
ppm and an equal amount of 5-day 
BOD. The plant site selected was 
about one and a half miles downstream 
from the water intake, and by con- 
sidering the operation of the reservoir 
and the large volume of the receiving 
water this distance 
satisfactory. 

The poultry process waste is pumped 
from the drainage area, where it is 
produced, into an outfall that connects 
to an interceptor along the shore of the 
lake; just before reaching the plant 
a low head pumping station lifts the 
combined sewage and poultry waste 
to the plant. The first pumping sta- 
tion is equipped with a comminutor 
for grinding offal, ete., but experience 
has shown that due to surges and un- 
expected high flow the unit often over- 
flows and 
minutor, 


was considered 


waste by-passes the com- 
which allows considerable 
scraps, heads. feet, ete. to get to the 
plant. 

Operation 


Due to the rapid growth of the 
poultry industry the high-rate trick- 
ling filter plant within a year ap- 
proached its design capacity, which 


: 
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was 2.5 mgd with a population equiva- 
lent of 80,000 (on a BOD basis 
Other factors of interest during the 


first year of operation are as follows: 


Amount or 


Operatio Degree 


I n or Determination 
9.95 cu ft 
16.38 cu ft 
60-65"; 
85-07 


Average grit removal daily 
Average feathers removed daily 
Range of BOD removal 

Range of settleable solids removal 
Range of suspended solids removal 


An ordinance was during 
1957 requiring all processors to install, 
operate, and maintain satisfactory 
screening installations whereby a 20 
mesh would satisfactorily 
handle all waste without any by-pass- 


passed 


screen 
ing or overflowing. This requirement 
reduced the 
feathers reaching the treatment plant 


has volume of grit and 

A comparison of grit and feathers 
for the first and last half of 1957 is as 
follows: 


Grit and Feathers Mont 


10.358 


20.20 12.81 


Grit, avg cfd 

Feathers, avg cfd 

It is estimated that at the end of 
the year some 50 to 60 per cent of the 
poultry being 
After installation of all 
screening stations it is expected that 
feather content will be further re- 
duced. All of the grit cannot be at- 
tributed to the poultry waste since it 
is known that a part of the domestic 
waste sewer 
infiltration. 

Screening 


waste was screened. 


complete 


system has considerable 


stations being installed 
consist principally of 2 types, vibrating 
or rotary. Of the two types the vibrat- 
ing screen seems to be somewhat more 
effective, but in any installation it 
must be carefully engineered to have 
ample capacity, to prevent any by- 
passing, and to assure overflow return 
to the influent. 


Operational Problems 
Soon after initial operation it was 
determined that the problems related 
to handling and treating this waste 
were largely mechanical. 
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Feathers 


Feathers were particularly trouble- 
some and on occasion approximately 
25 to 30 cfd collected as a heavy mat 
floating in the wet well of the pump- 

Others carried 
pumps to the 
some were removed by a 
The 


which is 


ing station. 
through the 
plant where 


were 


treatment 


mechanical rake on a bar screen. 
hammer-mill type grinder 
normally used for sewage solids could 
easily be stalled with feathers; the 
feathers matted and wedged, causing 
the grinder to overload and stall. Ex- 
perience showed that with slower and 
‘ful feeding into the grinder 
stalling could be greatly 
by the 
screening and grinding installation but 


more care 
frequency of 
some 


reduced. feathers get 


are not particularly troublesome in the 
distributors on the fil- 
ters require more than normal flushing 


» 
plant. Rotary 


high rate 
distributors, re- 


cleaning, but the 
through the 
quiring a larger orifice, 


and orifice 

flow 
is of consider- 
able relief in this connection. 


Pum ing 
i 


Possibly the difficult mechani 
cal problem is the pumping of primary 
with double pumps 


Most of these unusual maintenance and 


most 


sludge plunger 


operational pumping problems are 
caused by chicken heads and feet, par- 
ticularly chicken 
head is ideally shaped to start under 
a ball valve but just a little too large 
to go all the through. Fre- 
quent stoppages and dismantlings are 


the result. 


the heads, since a 


way 


Solids and Dige stion 


An unusual characteristic of 
poultry waste is the specifie gravity. 
[t cannot be predicted whether feath- 
offal, ete. will float or sink. In 
some instances a majority seems to be 
removed from the bottom of the pri- 
while on other occasions 


ers. 


mary tanks, 
a majority seems to be removed by 
skimming. 

Due to 


high solids content of the 


# 
| 
je 
x, 
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combined waste, digesters were filled 
rapidly which caused some trouble in 
initial operation. Heat was controlled 
from the beginning, which started 
early gas production, but the quality 
was poor and the pH was low. By 
allowing one digester to rest, main- 
taining careful sludge feeding to the 


other, and drawing sludge as fre- 
quently as possible, operation was 
maintained at about normal. About 


10,000 cu ft of well-digested sludge 
was produced and dried during 1957. 

Inspection of dried sludge indicated 
no evidence of undigested feathers and 
there has been no apparent formation 
of a feather mat on the digester sur- 
Aimost continual recirculation 
of warm sludge to the top of the di- 
gesters possibly tends to prevent se- 
rious mat formation. 


Tace. 


Suggested Improvements 


Design and operation of a plant 
treating poultry wastes requires care 
and ingenuity on the part of both de- 
signer and operator and, in addition, 
utmost cooperation of the waste-pro- 
ducing industry. Mechanical features 
that might be an improvement include 
(a) the use of a cutter type grinder 
which is considerably overpowered, 
rather than the hammer mill type and 
b) the use of one of the newer type 
sludge pumps for primary sludge. The 
installation of one large screening and 
grinding station rather than a smaller 
unit at each plant might be more 
practical, but the problem of such a 
large volume of solids in the sewage 
collection system from the poultry 
plants to the screening station would 
likely cause untold problems of stop- 
page, overflowing, ete., not to mention 
the increased the sewers to 
allow for the large volume of feathers. 


cost of 


Treatment Costs 
The operation of the Gainesville 
plant compares favorably with opera- 
tion of similar plants. During the 
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year 1957 the average cost of treating, 
pumping, ete., was $42.62 per million 
gallons or $.017 per lb of BOD re- 
moved. 

The poultry 
economic 


industry is of untold 
value to this area, in that 
it provides employment and livelihood 
to many people directly and through 
related industries. City officials were 
fully cognizant of this fact, but it was 
necessary that the cost of constructing 
and operating a system be propor- 
tioned as fairly as possible among the 
users. The city does not have a city- 
wide sewer service charge but the wa- 
ter rates were established to provide 
revenue for financing and operating 
both the water and sewer systems. 
These rates vary from $0.45 per 100 
cu ft per month for the first 4,000 eu 
ft to $0.18 per 100 eu ft for amounts 
in excess of 112,000 eu ft. 

These rates result in a plant that 
uses 2.0 mil gal per day or 267,000 
efd having a water bill of $535.00 or 
and average of $0.267 per thousand 
gallons or $0.20 per 100 eu ft. 

Due to the additional load caused 
by the industry, a sewer charge, or 
license fee, of $100 per month is made 
to each plant. At first this charge was 
made on a basis of $0.15 per 1,000 
birds processed per month, but due to 
difficulty of accurate billing this plan 
was abandoned in favor of the simpler 
method. 


Summary 


In summary, it may be established 
that poultry processing wastes may be 
successfully treated by biological proe- 
ess, if careful design and operation are 
practiced. Special attention should be 
given to mechanical features to ade- 
quately transfer the solid content pe- 
culiar to the waste. 

There is every reason to believe that 
this waste could be treated just as 
successfully separately, as in combina- 
tion with domestic sewage, by making 
the proper adjustments in plant de- 
sign and features. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*The best place to look for a helping hand 


end of your arm.’ 


is at the 


Anon. 


Attention operators! It will be appreciated if copies of all annual reports of both large 
and small sewage and industrial waste treatment plants are sent to the Federation office 
for abstracting in this section of the Journal. Please direct annual reports to: The 
Operator’s Corner, Federation of Sewage and Industrial Wastes Associations, 4435 


Wisconsin Ave., N.W., Washington 16, D. 


Cc, 


Annual Reports of the Detroit, Mich., Sewage Treatment Plant for the 
Fiscal Years, 1956 and 1957 * 


Frep. H. Burtey, Engineer of Sewage 


Sewage and the greater portion of 
storm water from Detroit and 35 
suburban areas are transmitted to the 
treatment plant through two 
large diameter interceptors. A lift of 
approximately 30 ft at the plant per- 
gravity fiow through the bar 
chambers, sedimentation 

chlorination chamber. 
contact time is equal to the 
time of passage of plant 
through 18-ft diameter, 
long outfall discharging to the Detroit 
River. Raw sludge dewatered on 
vacuum filters and incinerated. About 
one-fourth of the sludge is partially 
reduced digester. Total 
pumpage to with 
187,180 mil gal being pumped during 
1957. A new daily high of 912 mil gal 
was also established in 1957. 

The biweekly practice of pumping 
the well 10 ft below 
levels to create scouring 
the interceptors was continued. 


sewage 


mits 

racks, 
tanks, 
Chlorine 


grit 


and 


effluent 
an 6.000-ft 


is 


in a single 


continues increase, 


suction normal 
in 
The 
suction well was inspected daily and 
large floating material removed. 
Weekiy sampling of the Detroit and 
lower Rouge Rivers was continued to 
determine the effect of plant effluent 
on these Special river 
investigations were carried on as the 


velocit ies 


watercourses. 


* For last previous extract see THis JouR 
NAL, 29, 1, 99 (Jan. 1957). 


Treatment 
need developed. Monthly checks were 
made on the operation of regulators, 
backwater and River 
front outlets were in- 
spected by boat during warm weather. 


gates, dams. 


storm sewer 

Both ash lagoons required cleaning 
during 1957, and contracts were let for 
the removal of ash. 
The two ash lines, each about 1,000 ft 
long, are checked yearly for calcium 
In November 


necessary. This was done by 


100.325 eu vad of 


1956 eleaning 


deposits. 


became 


eyeling 10,400 gal of muriatic acid 
solution through the lines. 
Expansion and Improve ments 

Two new sedimentation tanks were 


placed in operation during July 1956. 
Sand-laden sludge in the 
sedimentation during heavy 
flows reduced the discharge of 
the bladeless impeller sludge pumps, 


de posited 
tanks 
storm 


continuous 
Three of 
with 


making operation 
the 


larger 1,750-rpm mo- 


neces- 


sary. pumps were 
equipped 
This 


sludge delivery difficulties. 


tors. change has largely overcome 
In May 
1957 a vortex-type pump was installed. 
At the original impeller speed it failed 
to When the 
speed was increased to 1,150 rpm it 
but 
rapid wearing of the suction housing 


deliver heavy sludge. 


delivered a satisfactory volume, 


= 
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was observed. Further study of this 
type of pump will be necessary. 

Two main sewage pumps, each of 
230 efs capacity, were installed and 
tested in December 1956. Installed 
now totals 1,188 
Four 500-sq ft, rotary vacuum 
filters were placed in operation during 
December 1955. This addition brings 


pumping capacity 


med. 


to 12 the number of filters installed 
and increases the filter area to 6,000 


racks and grit collector 
equipment for two existing grit cham- 
bers, built as part of the original rack 
and grit building, were installed by 
plant maintenance forces and placed 
in operation during January 1957. 


sq ft. Bar 


Solids Removal 


Sereenings removed by the bar 
racks are ground and returned to the 
sewage flow. Wood, metal, rags, and 
are removed manually 
from the conveyor and hauled to city 
incinerators. The 150-hp motor on the 
screening grinder failed after approxi- 
mately 1614 yr of and 
replaced with the ash pump 
motor 


other debris 


service was 


spare 
Grit removal continued to increase 
totalled 23.479 tons (wet basis) 
during 1956 and 26,712 tons during 
1957. During and after very heavy 
storms grit was removed faster than 
it could be stored or incinerated. Nine 
times during 1956-57 excess grit was 
diverted to the ash lagoons. 

During 1957 the 10 sedimentation 
tanks functioned satisfactorily, remov- 
ing 103,047 tons (dry basis) of sus- 
pended solids and 36.660 tons of BOD. 
The addition of the two new tanks 
increased the number in service from 
7.4 to 8.7 units, increased the deten- 
tion time from 1.08 to 1.18 hr, the 
suspended solids removal from 48.1 to 
53.0 per cent, and the suspended solids 
removal per million gallons from 0.46 
to 0.55 tons. 


and 


Grease and scum removal increased 
from 1.829 tons in 1956 to 2,343 tons 
(wet basis) in 1957. These skimmings 
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are disposed of by placing small quan- 
tities on the lower hearths of one of 
the incinerators. 

The practice of stopping the main 
sludge collectors during and after 
heavy storms to relieve overloading of 
the cross collector was discontinued, 
except for extreme cases. While col- 
lector shutdown relieved the strain on 
the cross collectors it permitted heavy 
material to concentrate in front of the 
main collectors and overload them. 
Reversal and replacement of collector 
chains were carried out as required. 

More rapid deposition of hard grease 
in the sludge header and sludge lines 
was attributed to increased quantities 
of ground garbage. Piping was ar- 
ranged to permit softening of the 
grease using warm digester sludge. 
Lines were flushed with a large c¢a- 
pacity sludge pump. 


Digestion 


Digester operation was normal ex- 
cept for two periods in February 1957, 
when gas production declined nearly 
50 per cent. Feeding was reduced to 
rest the digester and allow tank tem- 
perature to rise to normal. Sludge fil- 
tration was also poor during this pe- 
riod, but laboratory tests failed to 
show the presence of inhibitory wastes. 
The biannual tank inspection and de- 
sealing of the heating coil were com- 
pleted in August 1955. The alarm 
system installed in 1950 for odorizing 
digester gas again proved valuable in 
locating leaks. 


Sludge Filtration 


Sludge conditioned and filtered 
totalled 64,839 and 66,260 tons (dry 
basis) for 1956 and 1957, respectively. 
Of the totals, approximately 97 per 
cent was conditioned with ferrie chlo- 
ride and lime and approximately 3 per 
cent with lime only. For several years 
the dosage of ferrie chloride has been 
on the increase, reflecting the general 
change in the characteristics of the 
settled sludge. A waste slurry from 
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TABLE I.—Summary of Operating Data at Detroit, 


SEWAGE AND INDUSTRIAL WASTES 


Item 1956 
Rainfall, total (in. 33.3 
Estimated connected pop 2,600,000 
Sewage pumped (mgd 475 
Solids removed: 
Grit, dry (tons 12,123 
Tank scum (tons 
Dry 1,189 
Volatile 1,070 
Susp. solids (tons 
Dry 79,950 
Volatile 18 897 
Total solids (tons 
Dry 93,262 
Volatile 53.600 
Analy tical data: 
Susp. s lids : 
Influent (ppm 225 
Effluent (ppm 115 
Reduction (% {8 
BOD: 
Influent (ppm 120 
Effluent (ppm 83 
Reduction (% 31 
Grit 
Solids 52 
Volatile 30 


Total solids 


taw sludge to digester (“% 


Wo 

Volatile solids oes 
Sludge digestion: 

Total added (mil gal 27.5 

Dry solids added (tons 10,832 

Dry solids withdrawn (tons 7,031 
Supernatant (% 

Solids 5.4 

Volatile solids is 


Gas production: 
1,000 ecu ft 


Cu ft per lb vol. sol. added 5.85 


Sludge filtered: 


Total (mil gal 158 
lids (tons 64,839 

10.1 
ile solids (‘ 52 

yield Ib sq ft/hr 3.9 

Sludge cake, filtered (% 

Solids 35 
Volatile 52 


Incineration: 


Wet (tons 


Dry (tons 84,290 

Wet feed rate (tons/hr/incin. 8.7 

Fuel oil per wet ton burned (gal) 0.206 
Chlorination (ppm 

Demand 1.7 

Applied 1.0 


229,216 
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Mich., for Fiscal Years 1956 and 1957 


1957 
34.9 
2,628,000 


14,625 


1,523 
1,369 


103,047 
64,315 


119,195 
70,001 


150 
66 250 


10.4 


w 


241.653 
90,494 
9.2 


0.064 


4.7 
4.0 
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acetylene 
served 


manufacture successfully 
again as the main source of 
calcium oxide. Filtering a mixture of 
raw and digested sludge occasionally 
was found to be advantageous during 
the winter months, when raw sludge 
has a gelatinous texture and resists 
filtration. After 17 years the decking 
on No. 6 filter required replacement 
because of decay. 


Incineration 


The three incinerators were in ¢con- 
tinuous operation, except for negligible 


outage time for minor maintenance. 
Three conveyor belts were replaced 
after 37,260, 43,028, and 50,000 hr 


of operation, respectively. A small 
number of outer and rabble teeth were 
A ‘‘refractory gun’’ was 
used to replace small sections of central 
shaft insulation. 


replaced. 


Chlorination 


Chlorine dosage was selected on the 
basis of the demand of the plant effluent. 
Satisfactory coliform kills were 
tained with dosages ranging from 80 
to 100 per cent of the demand. Ex- 
perience has shown, however, that de- 
mands of 3 ppm or less normally re- 
quire dosages equal to 100 per cent 
of the demand. 


ob- 


TABLE Il. 


Item 


General plant 

Pumping station 

Bar rack and grit removal 
Sedimentation 

Chlorination 

Digestion 

Filtration and chemicals 
Incineration and ash handling 
Boiler plant. 

Interceptors 

Sanitary sewage pump station 
Misc ellane 
Administration . 

Depreciation 


Total 


* Fiscal year ended June 30. 
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Laboratory 


In addition to supplying data for 
plant control the laboratory operates 
all chlorination equipment, performs 
special investigations and _ research, 
and is concerned with all aspects of 
plant safety. Certain industrial waste 
components—iron, cyanide, and phe- 
nol—are determined routinely. 

Through a cooperative program with 
the Department of Public Works the 
quantity of chlorine-consuming indus- 
trial wastes reaching the plant has 
shown a steady decrease. Ferrous iron 
in the plant effluent during 1957 aver- 
aged 0.22 ppm, as compared to 0.39 
ppm in 1956. Cyanide dropped from 
0.26 ppm in 1956 to 0.20 ppm in 1957. 
Phenols increased over the past two 
years and now averaged 75 ppb. Dur- 
ing 1957 the theoretical saving in chlo- 
rine required to combine with these 
wastes amounted to $10,400 as com- 
pared with 1956, and considerably 
greater than that figure when com- 
pared with earlier years. 

The effects on sludge dewatering of 
substances such as thawing salt, grease, 
finely divided clay, and paper pulp 
were studied in an effort to find the 
eause of low filter yield during cold 
weather. Salt was found to exert little 
effect even in the relatively heavy con- 


Summary of Operating Expenses, Detroit, Mich., Fiscal Years 1956 and 1957 


1956* 


$195,698.96 
247,724.86 
59,112.94 
68,570.30 
231,958.70 
4,323.41 
221,932.14 
382,154.02 
63,788.11 
141,548.95 
218,000.00 
93,957.32 
105,620.08 
589,316.83 


$207 293.73 
272,122.34 
81,872.42 
122,820.35 
256,676.41 
7,405.70 
251,925.22 
413,306.31 
62,802.70 
37,793.01 
236,109.34 
92,427.64 
125,839.78 
671,117.00 


$2,623,706.62 $2,839,511.95 


= 
. 
¥ 
1957* 
= 
ae 
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centrations present during the winter. 
Grease and especially finely divided 
particles of clay or silt caused clogging 
of the filter cloth. Paper pulp pre- 
vented good adhesion of the sludge to 
the filter surface. Five commercial 
flocculating agents and a sample of 
ferric hydroxide were tested as 
possible process aids. None of these 
materials had more than a minor effect 
and their use was not economically 
justified. 


waste 


Miscellaneous 
Garbage grinding by the Depart- 
ment of Public Works continued on an 


experimental basis. A 100-ton/day 
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rate was in effect for approximately 
34% months during 1957. The term 
has been applied to alley 
cello- 


ete. 


‘garbage’’ 
pickup, which includes paper, 
phane, wooden boxes, feathers, 
Greater selectivity has been requested 
to alleviate overload and plugged con- 
ditions at the treatment plant. 
Personnel were again given the op- 
portunity to receive an annual chest 
x-ray and typhoid immunization. Em- 
ployees in close contract with sewage 
are provided with suitable work cloth- 
ing. 
Table I 


operating aata 


summarizes fiscal 1955-57 
and Table Il 


expenses. 


sum- 


marizes operating 


MECHANICAL MAINTENANCE PROGRAM 


Director of 
Hamptor 


Mechanical maintenance in the sew- 
age field can be compared to a man 
rowing upstream on a fast flowing 
river—if he stops rowing, he is soon 
back where he started or worse. Also, 
like housekeeping, it rarely is obvious 
until neglected. 

mechanical 
depends largely on knowledge, 
sistent hard work, and a sincere inter- 
est. Knowledge is gained by experi- 
ence but, as a starter, the prompt se- 
curing and studying of manufacturer’s 
maintenance, lubrication and 
ing instructions, sectional 
and parts lists is invaluable. Studying 
eurrent trade literature of the field is 
constantly refreshing and is a flowing 
Leadership should 


maintenance 
per- 


Successful 


operat- 
drawings, 


fountain of ideas. 


encourage personnel not to be afraid to 


or modifications of 


try new ideas 
equipment or processes where the risk 
is favorable and good judgment is ex- 


ercised. 


Operations, Hampton Road 


THAYER 


Suggested Practices 
Records and Lubrication 


lubrica- 
per 
responsibility 


Routine and 
tion are best handled by one 


installation to 


maintenance 
man 
clarify 
and over- 


and to eliminate confusion 


sight. Use of a simple ‘‘repair re- 
quest’’ slip initiated by operating per- 
sonnel clarifies handling in larger or- 
ganizations. <A **mainte- 
nanee record major 
piece of equipment is simple but valu- 
able. <A 


is defeated 


permanent 


for each 


cara 


complicated records 


before it 


system 
is started. 
Initial lubrication requirements are 
best served by contracting with a ree- 
This 


survey of 


ognized oil company for products. 
should an expert 
the installation and a_ thoroughly 
planned program. Experience will 
then allow for variation. <A 
thought to remember is that more bear- 
ings are lost through overlubrication 


result in 


some 


eee 
By R. 
ee oads Sanitation District ¢ mission, 
Wig 
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than underlubrication. Proper lubri- 
cation is important. Proper proced- 
ures should be followed. 


Metal Spraying 


One of the greatest boons to main- 
tenance men has been the expanded 
use of metallizing or metal spraying. 
Many shops have the equipment. It 
is commonly used for quick rebuilding 
of worn pump shaft sleeves, shaft 
bearing surfaces, ete. Metal in wire 
form is drawn through a gun, melted 
in a flame, and atomized 
by a blast of compressed air onto the 
shaft being rotated in a lathe. A 
molybdenum alloy with a hardness of 
350 Brinnell will give three to four 
times the life of the standard wearing 
sleeve material (which often is one of 
the stainless steels of approximately 
200 Brinnell hardness). This alloy 
eannot be worked with a lathe tool, 


oxygen-gas 


but must be ground to finished diam- 
eters. 


Centrifugal Pumps 


Centrifugal pumps are common 
items in the maintenance program. 
Packing should rarely be added to but 
rather should be completely replaced. 
One costly repair to a wearing sleeve 
will pay for many sets of packing. 
Shaft wear and dislocation of the 
lantern ring are inevitable with the 
practice of adding rings, and result 
in the necessity for tighter gland pull 
down. Such abuse indieates laziness. 

A soft, square braided, graphite im- 
pregnated, asbestos packing is least 
abusive to shafts. Close impeller 
wearing ring clearance must be main- 
tained for good efficiency. In design, 
sewage pump speeds of less than 1,000 
rpm are best for extended use where 
head requirements allow. Use of 34- 
to 114-in. plastie hose for pump air 
bleeds (discharging back to wet well 
or float tube) will eliminate many 
lost prime problems. A _ small but 
vital item is to retain the shaft water 


MAINTENANCE 


1195 


slinger ring to protect the adjacent 
bearing. 


Sludge Pumps 


Piston sludge pumps give much 
longer life when crosshead guides are 
added. A slight trickle of water ap- 
plied at the pump gland when run- 
ning will increase sealing and extend 
packing life. If duplex pumps are 
disassembled, care must be used not 
to reverse the eccentrics on reassembly 
and thereby get the pistons out of 
step. For sludge circulation, so-called 
**bladeless’’ and ‘‘torque flow’’ pumps 
are very dependable. The latter is 
definitely becoming a popular choice 
for digester dewatering service due to 
its pronounced non-clog characteristic, 
plus an ability to maintain a high 
vacuum on the suction. High main- 
tenance costs on heavy duty type sump 
pumps can be overcome by replace- 
ment with small 2-in. electric driven 
diaphragm pumps. 


Chains 


In rectangular sludge collectors, it 
is often overlooked that both chain and 
sprockets can be turned over when 
worn. Pintle chain and sprockets are 
interchangeable among manufacturers 
and at replacement time, considerable 
saving may be effected by competitive 
bidding. Split construction sprockets 
are good investments, due to labor 
saving at replacement time. In chain, 
‘*tee’’? head pins with bronze cotters 
are preferable. Chain with ultimate 
strength of 27,500 lb and Brinnell 
hardness of 170 to 190 is adequate for 
up to 150-ft basin lengths. Idler 
sprockets can be readily rebabbitted. 
A tooth height of 60 to 100 per cent 
of chain barrel diameter should be 
used. The greatest chain wear comes 
usually at link side bars. This is best 
overcome by making a template of 114- 
in. pipe, welding two attachment links 
at exact sprocket spacing and welding 
a squaring guide at the ends. This 


. 
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facilitates uniform drilling of replace- 
ment flights and is also used to uni- 
formly space all sprockets in a basin, 
thus simplifying a difficult alignment 
job, and minimizing abusive wear. 

The use of spring steel in flat bar 
form for flat wearing services will in- 
erease life greatly. Common applica- 
tions are return rails on grit channels, 
chain guides on mechanical bar 
sereens, sludge fiight wearing shoes 
(quickly tack welded on top of old 
shoe), ete. 
Piping 

In piping work, one of the most 
overlooked tools is the flange jack for 
separating flanged joints. Ring gas- 
kets are easier to insert than full face 
gaskets. When sulfur compound 
joints fail in bell and spigot pipes, the 
use of bell joint clamps is a far quicker 
repair than repouring with lead. 
Plastic pipe 2 in. and smaller in diam- 
eter is a good replacement for water 
lines in particularly corrosive locations 
but the necessity for electrical ground- 
ing should not be overlooked. Prop- 
erly chosen plastic pipe is suitable for 
smaller digester lines as well. 
Cast iron sludge lines should include 
long radius bends, sweep fittings, and 
frequent cleanout tees. A sketch of 
each underground valve showing pin- 
point location is invaluable and should 
include data as to manufacturer, 
model, year, turns, and direction to 
open, ete. A small but important rec- 
ommendation is to use a soft compo- 
sition dise in check valves for air or 
vacuum service. 


gas 


Electrical 


Electrical maintenance cannot be en- 
tirely separated from mechanical. 


AND INDUSTRIAL WASTES 


September 1958 


Type TW wire in conduit is generally 
best at sewage installations. All elec- 
trical wall outlets, extension cords, and 
eords on portable electric tools should 
be converted to the three-wire 
grounding type. This is an im- 
portant safety measure. Annually all 
connections should be tightened in 
panelboards, starters, ete. ‘‘Little ares 
into big ares grow.’’ Motor burn-outs 
rarely are the fault of the motor but 
most commonly are due to failures of 
the overload protection built into the 
motor starter. Considerable testing in- 
dieates that solder ratchet (melting 
alloy) type overload relays are far 
superior to bi-metallic type and re- 
main in trip calibration (1 Replace- 
ment overload relays may be readily 


new 


mounted in or adjacent to existing 
motor starters. 
Not a single motor burn-out has oe- 


curred in this organization since the 
initiation of the planned maintenance 
program three years ago, although over 
130 motors of 5 to 175 horespower are 
in operation. Accordingly, all pump 
and motor 


dently eancelled. 


insurance has been confi- 
It should be pointed 
out that operating policy should never 
permit more than one reset of overload 
trips until the responsible overload is 
cleared. 


Summary Statement 
Effective 
thankless, 
times fun, and never ending, but never 
dull. 


maintenance is tough, 


challenging, dirty, some- 


Reference 


1. Thayer, R. C., and Smith, J. E., ‘‘ Relay 
Test for Motor Protection at Sewage 
Pumping Stations.’’ Water and Sew- 
age Works, 108, 6, 265 (1956). 
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On November 4, 1955, the Division 
of Environmental Health of the Uni- 
versity Health Service received a call 
from the University Hospitals report- 
ing the loss of a 25-mg radium cap- 
sule from one of the patient treat- 
ment wards. 

Radium is a naturally 
radioactive element. It emits a very 
powerful and, consequently, a po- 
tentially damaging type of radiation. 
The inherent danger from exposure 
to this radiation, however, is based on 
contributing factors: (a) the 
quantity of radium in the capsule, (b) 
the length of time one spends in the 
field of radiation, and (c) one’s prox- 
imity to the source of radiation. The 
amount of earth or water or other 
material, under which the capsule 
might be located, also determines the 
extent of radiation to which one will 
be exposed. Any material between the 
person and the radium, depending on 
the quantity and density of the ma- 
terial, tends to reduce the radiation 
level. 

Encapsulated radium presents a 
radiation problem as described above. 
However, if the radium salt should 
escape through a rupture in the cap- 
sule, a problem of much greater sig- 
nificance may result. The radium can 
then contaminate the water, air, sew- 
age, ete. and present an even greater 
hazard to health through ingestion 
and inhalation of radium-contami- 
nated material, as well as through 
external exposure. 


occurring 


several 


Action Taken 


Immediately after being notified of 
the loss of the radium, the health 
physicist checked with all personnel, 
who were questioned on the radium 
treatment station in an effort to de- 


ACCIDENTAL RADIATION HAZARD 


RADIUM—LOST AND FOUND 


By O. WoLLAN 


Instructor, School of Public Health, and Health Physicist, University Health Service, 
University of Minnesota, Minneapolis, Minn. 


termine the possible location of the 
lost capsule. Radiation surveys were 
made on the ward and vicinity. All 
waste disposal containers, soiled linen 
containers, and other suspected equip- 
ment and furnishings in the hospital 
area were checked with a monitor. 
Two men with Geiger survey meters 
were dispatched to the hospital 
laundry to check on the possibility of 
the radium having left the hospital 
with soiled linen. Further informa- 
tion from the nursing staff led to the 
belief that the capsule may have fallen 
into a bedpan and _ subsequently 
dumped in the bedpan hopper, which 
would have carried it into the sewer. 

From plans of the university sewer- 
age system it was estimated that the 
capsule might have been temporarily 
held in the stilling basin at the bot- 
tom of the drop manhole in the inter- 
ceptor system beneath the hospital. 

The stilling basin for the drop man- 
hole, into which the hospital sewage 
emptied, is located 80 ft underground. 
The only way to reach this location 
was to walk about a quarter of a mile 
through the interceptor sewer. The 
only access to the interceptors was 
through underground heating tunnels 
which lead to the entrance of the in- 
terceptor. 

Radiation detection equipment was 
used to check the stilling basin. Each 
of the several members of the search 
team carried a radiation detection in- 
strument having variable degrees of 
sensitivity. The difficulty of orienting 
oneself in the interceptor system re- 
sulted in extending the search to sev- 
eral similar stilling basins in the gen- 
eral vicinity. The radiation from the 
radium was finally detected with a 
Geiger counter in the hospital stilling 
basin, as was suspected. 
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Removal of the radiation 
from the stilling basin, however, posed 
a problem considerably more difficult 
than that of locating it with a Geiger 
counter. It was first decided to dredge 
for the capsule by lowering a dredging 


source 


clam into the manhole and down into 
the stilling basin. 


Dredging 


The manhole opening above the still- 
ing basin was in a sidewalk in front 
of the hospital entrance. A _ string 
with a float attached was lowered down 
the manhole. The float by-passed the 
stilling basin and floated out into the 
interceptor sewer where it was recov- 
ered by one of the group waiting 80 
ft below in the interceptor. A com- 
munication attached to the 
string to provide phone service from 
above ground to the crew below. The 
phone proved invaluable in 
many ways during the dredging op- 
eration. It would also have provided 
the only means of communication, had 
either those above the ground or those 
below obtained the capsule. A 
dredging clam was then lowered 
the stilling basin and used repeatedly 
in an effort to bring the radium cap- 
sule to the surface. A 
was held in the sewage stream in the 
interceptor to catch the capsule if it 
should be disturbed by the clam and 
overflow with the sewage into the main 
stream. Radiation survey instruments 
were on hand at all times to check the 
contents of the dredging clam as well 
as the wire screens in the interceptor. 


line was 


service 


small 


into 


wire screen 


This method failed to reclaim the 
radiation source: therefore, further 
measures were necessary. 

Flushing 

In the second attempt. fire hoses 

were connected to a quick-opening 


valve located at the hydrant. The 
other end of the hose was lowered into 
the manhole. Intermittent surges of 
water were applied to the stilling basin 
in the hope of flushing the radium 
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was contained in a 
small rubber stopper, into the in- 
terceptor. It would then be captured 
by screens in the main sewage stream. 
The second attempt also failed to re- 
cover the capsule. 

The following day a radiation check 
of the stilling basin revealed that the 
capsule was no longer at this location. 
It was assumed that a surge of sewage 
must have flushed it free and out into 
the Radiation surveys 
were through the main inter- 
ceptor as far as was possible in the 
hope that the capsule might have been 
temporarily held up. It was then as- 
sumed that the capsule passed through 
the Minneapolis and St. Paul sewer 
system to the treatment plant at Pigs 
Eye Island in St. Paul. At this time 
the State Health Department and the 
Minneapolis-St. Paul Sanitary District 
were notified. 


capsule, which 


main stream. 


made 


Treatment Plant Survey 


A eomplete radiation detection sur- 
vey was made of the sewage treatment 
plant. Trucks grit and 
screenings were checked to make sure 
that the capsule had not become lodged 
in the truck box. The truck route 
to the grit pile was surveyed as well 
as all other areas where the capsule 
might possibly be located 


carrying 


the sludge 
for re- 
5 times 


While surveying one of 
incinerators which 
pair, radiation levels of 4 to 
background encountered in the 
incinerator With the 
thought in mind that the capsule could 
have ruptured under the furnace heat. 
amore intensive survey was made of the 
incinerator and surrounding areas. It 
was found that radiation levels in this 
area in excess of background were due 


was down 


were 


openings. 


to the mass effect of thorium in the 
brick lining used in the incinerator. 

Although the early efforts to locate 
the radium capsule failed, repeated 


surveys were made of all areas of the 
sewage treatment plant. Finally, on 
August 1956, the radiation from 
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the radium capsule was detected 
using a portable scintillation detector. 
It had either been delayed in transit 
of escaped earlier detection and had 
been dumped with tons of screenings 
and grit along the banks of the Missis- 
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sippi River at the sewage treatment 
plant. 

Ten months after it was lost, and 15 
miles from the original site of the 
loss, the radium capsule was recovered 
intact. 


TIPS AND QUIPS 


Sewage Treatment Growth 


During the five years following the 
establishment of the Ohio water pollu- 
tion law in 1951 and its effective date 
of September 1952, the sewage treat- 
ment capacity of municipal plants has 
virtually doubled. At the beginning of 
the period the total design capacity of 
all existing municipal sewage treatment 
plants was 575 million gpd, while at 
the end of the period the total capacity 


in operation or under construction 
reached 1.117 billion gpd. Approxi- 


mately 25 per cent of these gains repre- 
sents new treatment facilities in 31 
cities and 54 villages, whereas the re- 
maining 75 per cent was in expansion 
of outgrown sewage plants in 37 cities 
and 39 villages. These construction ac- 
tivities are expected to represent a cost 
of $250 million to state municipalities. 


Sludge Pump Maintenance 


For those who have found that the 
traditional ice pick is no longer a satis- 
factory tool for lifting the new hard 
ball checks out of piston sludge pumps, 
there comes a tip from the Walla Walla, 
Wash., sewage treatment plant. A 
special set of forceps was devised to do 
this job. The forceps have handles 
about 14 in. long and the clamping end 
just fits into the chamber. As a result 
there are no more check balls dropped 
into ‘‘loaded’’ chambers and no dam- 
age to the ball itself. For more de- 
tailed information contact Superintend- 
ent C. S. Zickefoose. 


Industrial Waste Handling 
by Municipality 

An industrial waste treatment system 
in Yakima, Wash., different from many 
in existence, may indicate the trend 
toward more municipal handling of in- 
dustrial wastes. The city of Yakima is 
building a $400,000 spray irrigation 
system to handle canning waste, com- 
mencing with the 1958 season. 

The treatment will be separate from 
the present municipal sewage treatment 
plant, but located at the plant site. 
The facilities consist of five miles of 
24-in. sewer line, a pump station with 
two 100-hp electric pumps to deliver 
the canning waste through distribution 
lines and sprinkler heads at 90 psi. 
The spray area is 70 acres. 

While there are many factors affect- 
ing a decision as to the means of treat- 
ing industrial waste, where economics 
permit, municipal handling of the in- 
dustrial waste, either in a combined 
treatment or in a separate system, has 
many advantages to both groups. 


Statistics 


Here are some statistics about the 
world’s scientists which may be sur- 
prising to some: 


88 per cent are married; most have 
children. 

70 per cent are active in sports. 

37 per cent engage in civic activities. 

33 per cent do P.T.A. work. 

75 per cent are affiliated with 
churches. 
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More About Russian Translations 


It was earlier reported (THs Jour- 
NAL, 30, 4, 554; Apr. 1958) that the 
American Society of Mechanical Engi- 
neers would translate into English one 
of the leading Russian journals. Now 
it is learned that there will be a paper 
available containing a concise vocabu- 
lary of Russian technical terms and 
useful expressions, together with an 
explanation of, and pronunciation 
guide for, the Russian alphabet. The 
purpose of this paper is to enable engi- 
neers to recognize enough words and 
phrases to discover whether a Soviet 
technical article is worth translating. 

This paper, ‘‘Russian Vocabulary 
for Heat Transfer Literature,’’ is 
authored by Mrs. F. F. Buckland of 
the General Electric Company, and is 
available for a nominal charge from 
ASME Order Department, 29 West 
39th St., New York 18, N. Y., under 
the number 58-HT-9. 


Utilization 


It is a well-known fact that the so- 
lution to one problem often brings 
about others. This was demonstrated 
at Orlando, Fla., where experimental 
work was being carried on to recover 
plant food from sewage. To do this, 
water hyacinths were planted in the 
secondary clarifiers at the sewage 
treatment plant. When the nutrients 
in the sewage proved to be to the 
hyacinths’ liking and the growth be- 
came so prolific that sedimentation effi- 
ciency was lowered, it was necessary 
to remove the plants. Hand removal 
became too costly, and as a result, Rob- 
ert E. Simon, plant superintendent, 
found that a 4-in. Model C Wemco 
pump accomplished the job satisfac- 
torily. 


When you hire people who are 
smarter than you are you prove you 
are smarter than they are. 


R. H. Grant 
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Slide Rule 


An inexpensive, circular hard paper 
slide rule recently announced and 
shown in Figure 2 may be of interest 
to operators and others. Multiplica- 
tion, division, and proportioning can be 
accomplished rapidly with this pocket- 
size caleulator. Complete details are 
available from General Industrial 
Company, 5738 Elston Ave., Chicago 


30, Il. 


FIGURE 2.—Circular, pocket-size slide rule. 


Lagoon Waterproofing 


While plastic sealing of soil is no 
longer new, it can be an important 
consideration in a situation where soil 
infiltration is a problem. One such 
method to line a pond or lagoon is 
with vinyl sheeting. Tests have shown 
that such a liner stopped a 3-in. per 
day loss. Vinyl sheeting is strong, 
durable, and mildew resistant. For 
field fabrication, the vinyl sheeting is 
heat sealed to form a tarpaulin. The 
large sheet is then unrolled onto the 
bottom and sides of the lagoon. The 
plastic is easily patched and is said 
to withstand winters without splitting 
or eracking. 

Cost and other information can be 
obtained from the Bakelite Company, 
Division of Union Carbide Corp., 30 
East 42nd St., New York, N. Y. 
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Federation Affairs 


THIRTY-FIRST ANNUAL MEETING PREVIEW 
Sheraton-Cadillac Hotel, Detroit, Michigan; October 6-9, 1958 


* 


Host AssociaATION—MICHIGAN SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 


* 
THE OFFICIAL PROGRAM 


SUNDAY, OCTOBER 5 


Afternoon 


Early Registration—Fourth Floor Lobby 


MONDAY, OCTOBER 6 


Morning 


Registration—Fourth Floor Lobby 
Inspection of Exhibits—Fourth Floor 
Thirty-First Annual Meeting Called to Order—Grand Ballroom 
President Kenneth S. Watson 
Invocation—Dr. Robert M. Frehse 
Welcome to Detroit—Mayor Lewis C. Miriani 
Reports of Federation Officers 
International Joint Commission Activities 
Hon. Douglas 8S. MeKay, Chairman, U. 8. Section, International Joint 
Commission, Washington, D. C. 
Ontario Moves Ahead on Water Resources Programming 
Dr. A. E. Berry, General Manager, Ontario Water Resources Commis- 
sion, Toronto, Ont., Canada 


Afternoon 


Effect of Impoundment on Dissolved Oxygen Resources in Streams 
F. W. Kittrell, In Charge, Stream Sanitation Studies, Water Supply 
and Water Pollution Control Program, USPHS, Robert A. Taft 
Sanitary Engineering Center, Cincinnati, Ohio 
Discussion: S. Leary Jones, Director, Stream Pollution Control, 
Tennessee Department of Public Health, Nashville, Tenn. 
Discussion: Robert S. Ingols, Head, Department of Public Health, 
Georgia Institute of Technology, Atlanta, Ga. 
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Comments on ASCE-FSIWA Manual of Sewage Treatment Plant Design 
Daniel A. Okun, Head, Department of Sanitary Engineering, Uni- 
versity of North Carolina, Chapel Hill, N. C. 
Design and Operation of Activated Sludge Plant in Edmonton, Alberta 
Norman McDonald, President, Gore and Storrie, Consulting Engineers. 
Toronto, Ont., Canada 
Compulsory Licensing of Operators 
Donald M. Pierce, Chief, Section of Sewerage and Sewage Treatment. 
Division of Engineering, Michigan Department of Health, Lansing. 
Mich. 
Voluntary Licensing of Operators 
Don W. Jones, Superintendent, Water and Sewers, North Miami, Fla 
Sewage Treatment Needs of the United States 
Gordon E. McCallum, Chief, and John R. Thoman, Senior Sanitary 
Engineer, Water Supply and Water Pollution Control Program. 
USPHS, Washington, D. C. 


Evening 
Family Night Entertainment—Grand Ballroom 


TUESDAY, OCTOBER 7 
Morning—Concurrent Sessions 
SYMPOSIUM ON COST REDUCTION 


Reduction of Sewage Treatment Costs by Use of Advanced Practice 
in Activated Sludge and Sludge Digestion 
Richard H. Gould, Consulting Engineer, Douglaston, N. Y. 
How To Reduce Sewage Plant Construction Costs 
A. W. Sawyer, Partner, Hazen and Sawyer, Consulting Engineers, 
New York, N. Y. 
How to Reduce Costs of Sewage Treatment Plant Operation 
E. J. Beatty, Engineer-Manager, Champaign-Urbana Sanitary Dis- 
trict, Urbana, Il. 
How Far Can We Go? 
Walter W. Saxton, Associate Engineer, Washington State Polln- 
tion Control Commission, Olympia, Wash. 


SYNTHETIC DETERGENT SESSION 


Removal of ABS by Sewage Treatment Processes 
P. H. MeGauhey and S. A. Klein, Sanitary Engineering Research 
Laboratory, University of California, Richmond, Calif. 
Evaluation of Frothing in Sewage Treatment 
G. A. Rohlich, L. B. Polkowski, and J. R. Simpson, College of 
Engineering, Hydraulic and Sanitary Laboratory, University 
of Wisconsin, Madison, Wis. 
Biochemistry of ABS Metabolism 
Ross E. McKinney and James M. Symons, Department of Civil and 
Sanitary Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 
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Studies on the Occurrence and Degradation of Condensed Phosphate 
in Surface Waters 
R. S. Engelbrecht and James J. Morgan, Department of Civil 
Engineering, University of Illinois, Urbana, Il. 
Absorption of ABS by Inorganic Fines 
Charles E. Renn and Mary F. Barada, Department of Sanitary 
Engineering, Johns Hopkins University, Baltimore, Md. 


Noon 
FEDERATION LUNCHEON 
The Enrico Fermi Atomic Power Plant 
Robert W. Hartwell, General Manager, Power Reactor Develop- 
ment Company, Detroit, Mich. 


Afternoon 

CONCURRENT INSPECTION TRIPS 
Detroit Sewage Treatment Works 

Ford Motor Company Industrial Wastes Treatment Works Trip to: 

a) steel rolling mill waste treatment at Rouge Plant, Dearborn, 

Mich.; (b) combined water supply and electroplating waste treat- 

ment at Parts and Equipment Manufacturing Division, Monroe, 

Mich.; (¢) automotive exhibits at Ford Rotunda, Dearborn, Mich. 


WEDNESDAY, OCTOBER 8 


Breakfast 
Laboratory Scientists’ Breakfast—Toxicity Determinations 
Gail P. Edwards, Leader, Professor of Sanitary Chemistry, New York 
University, New York, N. Y. 


Morning—Concurrent Sessions 


Motion Picture, ‘‘Engineering Your Health,’’ A USPHS Film 


SEWER MAINTENANCE PANEL 


Sydney A. Preen, Leader, Superintendent, Sewer Maintenance, Long 
Beach, Calif. 

Grant Olewiler, Superintendent, Sanitary Drainage, Lower Merion 
Township, Ardmore, Pa. 

M. B. Nixon, Engineer, Sewage Treatment, Atlanta. Ga. 

John Klamm, Superintendent, Sewer Maintenance, Kansas City, Mo. 


PLANT MAINTENANCE PANEL 


John C. Sager, Leader, Engineer of Maintenance and Design, Minne- 
apolis-St. Paul Sanitary District, St. Paul, Minn. 

Fred H. Burley, Superintendent, Sewage Treatment Works, Detroit, 
Mich. 

Clifford Irving, Superintendent, Bureau of Sewage Treatment, Sche- 
nectady, N. Y. 

Arthur D. Caster, Principal Sewage Disposal Engineer, City of 
Cincinnati, Ohio 
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SYMPOSIUM ON INDUSTRY-MUNICIPALITY COOPERATION 


Unusual Industrial and Municipal Cooperation for Joint Treatment 
of Wastes—The American Cyanamid Company and the 
Somerset-Raritan Valley Sewage Authority 

Part I—Industry’s Approach and Position 
S. T. Powell, Consulting Chemical Engineer, Baltimore, Md., 
and James ©. Lamb, III, Sanitary Engineer, American 
Cyanamid Company, Bound Brook, N. J. 
Part Il1—Municipality Approach and Position 
Roy H. Ritter, Partner, Whitman and Requardt, Consulting 
Engineers, Baltimore, Md. 

The Amarillo Sewage Plant Effluent as a Source of Water Supply for 

The Texas Company 

Clarence Scherer, Superintendent, Sewage Treatment and Water 
Reclamation, Amarillo, Tex., and Dean Alexander, Engineer, 
The Texas Company, Amarillo, Tex. 

Treatment of Metal Processing Wastes at General Electric’s Conneaut, 
Ohio, Plant 

O. W. Nyquist, Plant Engineer, and H. R. Carroll, Chemical Engi- 
neer, General Electric Company, Conneaut, Ohio 

Tidewater’s Delaware Refinery Waste Control and Treatment 

A. W. Lewis, Director, Refinery Technology, Tidewater Oil 
Company, Delaware City, Del., and A. J. Kaplovsky, Super- 
vising Engineer, Delaware Water Pollution Commission, 
Dover, Del. 
Noon 


INDUSTRIAL WASTES LUNCHEON 
Water Resources and Industrial Management 
W. H. Schuette, General Manager, Midland Division, Dow Chemi- 
eal Company, Midland, Mich. 


Afternoon—Concurrent Sessions 
INDUSTRIAL WASTES SESSION 
Treatment of Industrial Wastes from Automotive Plants 
David Milne, Supervisor, Materials and Processes, General Motors 

Production Engineering Section, Detroit, Mich., A. R. Balden, 
Staff Engineer, Chemical Engineering Department, Chrysler 
Motor Corporation, Detroit, Mich., and F. J. Kallin, Chief 
Civil Engineer, Engineering and Planning Department, Ford 
Motor Company, Dearborn, Mich. 

Composting Industrial Waste Sludge 


A. J. Gabbaecia, Lederle Laboratories Division, American Cyana- 
mid Company, Pearl River, N. Y. 
General Electric’s Approach for Waste Control in the Private Atomic 
Power Industry 
James M. Smith, Jr., Radiological Engineer, General Electric 
Company, San Jose, Calif. 


RESEARCH SYMPOSIUM 
Metabolic Energy Balances in a Total Oxidation Activated Sludge 
System 
R. Rupert Kountz, Professor of Sanitary Engineering, and Charles 
Forney, Jr., Instructor in Civil Engineering, The Pennsyl- 
vania State University, University Park, Pa. 
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Investigation of Fundamental Principles of Trickling Filters 
Don E. Bloodgood, Professor of Sanitary Engineering, G. H. 
Teletzke, Associate Professor of Sanitary Engineering, and 
F. G. Pohland, Graduate Student, Purdue University, Lafay- 
ette, Ind. 
The Anaerobic Process as Applied to Sewage and Industrial Wastes 
George J. Schroepfer, Professor of Sanitary Engineering, and 
N. R. Ziemke, Research Fellow, University of Minnesota, 
Minneapolis, Minn. 
Determination of Toxic Organic Substances in the Aquatic Environ- 
ment. I. Organo-Phosphorus Insecticides 
Charles M. Weiss, Associate Professor of Sanitary Science, Uni- 
versity of North Carolina, Chapel Hill, N. C. 


Evening 
ANNUAL FEDERATION AWARDS DINNER AND DANCE 


THURSDAY, OCTOBER 9 


Concurrent Sessions 
OPERATORS’ FORUM 
Control of Digester Scum, Gas Circulation, and Mechanical Mixing 


Hugh A. Schreiber, Superintendent, Sewage Treatment Plant, 
Washington, D. C. 
Grease and Skimmings Removal, Handling, and Disposal 
Roger D. Lee, Sewage Treatment Division, Wichita, Kans. 
Operators’ Certification, Voluntary and Compulsory 
Thomas T. Hay, Superintendent, Sewage Treatment, Racine, Wis. 


INDUSTRIAL WASTES SYMPOSIUM—THE PETROCHEMICAL IN- 
DUSTRY 


Basic Petrochemical Processes as Waste Sources 

W. L. Ruggles, Phillips Petroleum Company, Bartlesville, Okla. 
Secondary Petrochemical Processes as Waste Sources 

E. R. Wright, Texas Division, The Dow Chemical Company, Free- 

port, Tex. 

Alkaline Wastes 

Alec McRae, Imperial Oil Company, Sarnia, Ont., Canada. 
Condensates, Quenches, and Wash Waters 

Harold Elkin, Sun Oil Company, Philadelphia, Pa. 
Tars, Spent Catalysts, and Complexes 

Jack T. Garrett, Monsanto Chemical Company, St. Louis, Mo. 
Summation—Need for More Definitive Characterization 
M. B. Ettinger, USPHS, Cincinnati, Ohio 


Morning 


TECHNICAL PROGRAM COMMENTS 


This year’s meeting with ten sessions offers the most expansive technical 
program ever included in a Federation meeting. The Program Committee, 
under the Chairmanship of George E. Symons, has labored diligently and made 
eareful selections of program material to represent the current state of knowl- 
edge and developments in the many aspects of the sewage and industrial wastes 
field. 
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Insofar as possible, concurrent sessions have been arranged so that the 
choice of paper or session will inconvenience those attending the meeting to a 
minimum. The Operator’s Forum and the Industrial Wastes Symposium 
scheduled for Thursday morning are timed for discussion from the floor. Those 
attending these sessions, particularly, are urged to come prepared to contribute 
by offering questions or discussion in line with the subjects included. 

Again the Research Forum has been arranged and half-session panels, 
dealing with sewer maintenance in one and plant maintenance in another, are 
expected to give full coverage to these subjects. 

The Laboratory Scientists’ Breakfast is scheduled for the third consecutive 
year. With the state of preparation of the llth Edition of ‘‘Standard 
Methods,’’ this session is certain to be even more popular than before. 

Several sessions are scheduled to include papers of industrial wastes 
interest only, and a strong array of papers will be included for those with 
trade wastes as a principal interest. 

The inspection trips Tuesday afternoon include a visit to the Detroit 
Sewage Treatment Plant. While such a visit was made during the 1948 
meeting, it will be cf interest to see this plant with enlargements made neces- 
sary by growth of the area served. At the same time, an alternate trip is 
available for those with a primary interest in industrial wastes. Since the 
automotive and related industries are of special interest in Detroit, waste 
treatment in this area will be featured. 

Technical sessions will be held in the Grand Ballroom, Fourth Floor of the 
Sheraton-Cadillae. Concurrent sessions will use the English Room on the 
Mezzanine Floor. 


OTHER FUNCTIONS 


The Monday Evening Family Night entertainment will feature assembly 
entertainment in the Grand Ballroom. A variety show has been arranged by 
the Detroit Entertainment Committee. A principal feature will be dancing 
and singing by 28 members of the famous Chrysler Chorus and Glee Club 
Other program items will include interesting and fast-moving acts. 

The Federation Luncheon is set for Tuesday Noon with Robert W. Hart- 
well, General Manager, Power Reactor Development Company, Detroit. Mich.. 
speaking on ‘‘The Enrico Fermi Atomie Power Plant.’’ 

Tuesday Evening includes no generally planned convention event. The 
Local Host Committee will be pleased to help those attending to plan a program 
to suit individual desires. 

A dinner meeting of the Loyal Order of the Boar is scheduled for Tuesday 
at 6:00 pm. Arrangements are in charge of W. A. Hardenbergh and J. J. 
Gilbert. Members and guests may purchase tickets at the Local Host Desk. 

On Wednesday morning, the Conference of State Sanitary Engineers will 
have a breakfast meeting which will precede a meeting of its National Water 
Policy Committee. 

A new program feature, the Industrial Wastes Luncheon, is set for 
Wednesday. The speaker will be W. H. Schuette, General Manager, Midland 
Division of Dow Chemical Company. His subject is ‘‘ Water Resources and 
Industrial Management.’’ 

The general Federation Awards Banquet and Dance on Wednesday 
evening provides the social peak of the Federation year. Instead of formal 
speaking there will be the annual presentation of Federation awards, honors, 
and new officers, followed by dancing. Dress is optional. 
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LADIES’ ENTERTAINMENT 


The ladies’ group of the Local Arrangements Committee has planned a 
most interesting visit to Detroit for the ladies attending the Federation meet- 
ing. The events given in the. following paragraphs are in addition to the 
Monday night entertainment and the Wednesday Banquet and Dance already 
listed. 

On Monday morning, from 9:00 am to 11:00 am, the ladies are invited 
to gather in the Ladies’ Headquarters, the Pan-American Room on the fifth 
floor of the Sheraton-Cadillae, for breakfast snack and coffee. This event, 
which will provide a setting for renewing acquaintances and making new ones, 
is sponsored by the Host Association, the Michigan Sewage and Industrial 
Wastes Association. Monday afternoon will be available for card playing, 
visiting, and shopping in the retail district which is convenient to the hotel. 

On Tuesday, the ladies will go by bus to Ford’s Greenfield Village at 
Dearborn. A group luncheon will be provided at Lovett Hall and afterward 
the ladies may spend the afternoon touring the village or visiting the Henry 
Ford Museum, 

On Wednesday morning the ladies will make a scenic bus tour of the city 
including Detroit's waterfront and Belle Isle, with lunch at the Veterans 
Memorial Building. This schedule will make it possible for ladies to return 
to the hotel by early or mid-afternoon. 

Tickets for the tours and luncheons are included in the general ladies’ 


fee. 


registration 


TECHNICAL INSPECTIONS 


Tuesday afternoon has been set aside for inspection trips. Two trips are 
offered: the trip to the Detroit Sewage Treatment Plant and the Ford Motor 
Company trip. The latter includes: (a) steel rolling mill waste treatment 
at Rouge Plant, Dearborn, Mich.; (b) combined water supply and electro- 
plating waste treatment at Parts and Equipment Manufacturing Division, 
Monroe, Mich., and (¢) automotive exhibits at Ford Rotunda, Dearborn, Mich. 

sus transportation for these inspection trips has been arranged at a 
nominal fee and trip tickets will be available at the Registration Desk. Early 
purchase of these tickets will help avoid disappointment. 

The Local Host Committee has prepared additional inspection trip itineraries 
for Thursday afternoon which will not conflict with any technical sessions. 
Full information will be available at the Local Host Committee Desk. 


EXHIBITS 


Displays of the latest in equipment and supplies will be offered by members 
of the Water and Sewage Works Manufacturers Association on the fourth floor 
of the Sheraton-Cadillae Hotel. All available space has been allocated. These 
exhibits provide a setting for the introduction and explanation of new methods 
and equipment. <A detailed view of the exhibits is necessary to full participa- 
tion in the meeting. 
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The following companies have engaged exhibit space: 


Airkem, Inc. Komline-Sanderson Engineering Corp. 

American City Magazine Lakeside Engineering Corp. 

Armco Drainage & Metal Products, Inc. Link-Belt Co. 

B-I-F Industries, Ine. Lock Joint Pipe Co. 

Burgess-Manning Co., Penn Instru- Nichols Engineering & Research Corp. 
ments Division Pacific Flush Tank Co. 

Carter Co., Ralph B. Price Brothers Co. 

Chain Belt Co. Public Works Publications 

Chicago Pump Co. Robinson Clay Products Co. 

Combustion Engineering, Ine., Ray- Roots-Connersville Blower Division, 
mond Division Dresser Industries, Ine. 

DeZurik Corp. Simplex Valve and Meter Co. 

Dorr-Oliver, Ine. Smith-Blair, Ine. 

Eimco Corp. Smith & Loveless, Inc. 

Engineering News-Record Stuart Corp. 

Fischer & Porter Co. Technion Controls, Ine. 

Foxboro Co. Vapor Recovery Systems Co. 

Hardinge Co., Ine. Walker Process Equipment, Ine. 

Homestead Valve Manufacturing Co. Wallace & Tiernan Ine. 

Inertol Co., Ine. Wastes Engineering 

Infileo Ine. Water & Sewage Works 

Jeffrey Manufacturing Co. Western Machinery Co. 

Johns-Manville Worthington Corp. 

Keasbey & Mattison Co. Yeomans Brothers Co. 


REGISTRATION INFORMATION 


Detroit is on Eastern Standard Time throughout the year 


Registration facilities will be located on the fourth floor lobby of the 
Sheraton-Cadillac Hotel from Sunday afternoon, October 5, through Wednesday, 
October 8. Convention attendants are urged to take advantage of the pre- 
registration plan which was described in full by a flyer to the whole Federation 
membership about September 1. This will make it possible to pick up tickets 
and badges at the Registration Desk on arrival. All attending are urged to 
register promptly to avoid the Monday morning rush. On Sunday, the Regis- 
tration Desk will be open from 1:00 to 6:00 pm and on Monday, Tuesday, and 
Wednesday, the Registration Desk will be open from 8:30 am to 5:00 PM. 

The men’s registration fee of $13 will include admission to the technical 
sessions, the Family Night Entertainment on Monday, and the Annual Awards 
Dinner and Dance on Wednesday evening. Separately, the registration fee 
(required for admission badges to the technical sessions) is $7 and the Wednes- 
day Dinner and Dance combination is $6. 

Ladies’ registration at $13 includes the Monday morning snack and coffee 
(provided by the Michigan Association), the Monday evening entertainment, the 
Tuesday trip to Greenfield Village with luncheon, the Wednesday morning scenic 
tour of Detroit with luncheon, and the Wednesday evening Dinner and Dance. 
Separately, the tickets are $7 for the special ladies’ events and $6 for the Annual 
Awards Dinner and Dance. 

Individual tickets will be sold for the Federation Luncheon on Tuesday, 
the Tuesday afternoon Inspection Trips, the Laboratory Scientists’ Breakfast 
on- Wednesday, and the Industrial Wastes Luncheon on Wednesday. 
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PREREGISTRATION INFORMATION 


Since the preregistration plan offered with the 1957 meeting met with 
such general acceptance, a similar plan is offered this year. Advance registra- 
tion will save time, as badges and tickets will be ready for you to pick up upon 
arrival at the registration area during registration hours. Checks may be dated 
October 9, 1958, if this should be a convenience. 

Should your plans change, a full refund will be made if your badge and 
tickets are not picked up at the Detroit meeting. Tickets must be picked up 
a half business day prior to the Tuesday Luncheon, the Wednesday Luncheon, 
or the Wednesday Banquet, as the Federation makes guarantees for these func- 
tions. If the tickets are claimed later, there can be no assurance of a place at 
these functions. Should a part of the remittance go unused for this reason, 
it will be refunded at the time your registration is claimed. 

To assure proper handling of your preregistration, your completed regis- 
tration card must be received in the Federation office by Friday, September 
26, so that you may be assured of processing in time for the meeting. 

A postcard or letter request to the Federation of Sewage and Industrial 
Wastes Associations, 4435 Wisconsin Avenue, Washington 16, D. C. will bring 
a registration card and complete information by return mail. 


HOTEL ARRANGEMENTS 


Requests for room reservations should be made as early as possible to the 
Sheraton-Cadillac Hotel, Detroit 31, Mich., indicating your interest in this 
Meeting. 


LOCAL ARRANGEMENTS COMMITTEE 


The Local Arrangements Committee with Clyde L. Palmer, Assistant 
City Engineer of Detroit, as General Chairman, and Samuel D. Porter as Gen- 
eral Vice-Chairman is made up of the following who are chairmen of the re- 
spective subcommittees : 


Finance Committee: George E. Hubbell, Chairman; Robert J. Peterson and 
Stuart H. Bogue. 

Hotel Arrangements Committee: J. E. Cooper, Chairman; Cletus Cour- 
chaine, Huntley Delano, Ronald Swets, and J. A. Borchardt. 

Registration Committee: Donald M. Pierce, Chairman: Wallace J. Benzie. 
Clair Johnson, Herbert Zinsmeister, M. S. Richmond, and Robert J. Peterson. 

Entertainment Committee: Michael Groen, Chairman; Clark Hathaway, 
William Assenmacher, and Floyd Vermette. 

Inspection Trip Committee: Fred H. Burley, Chairman; Loring F. Oeming, 
Virgil Anderson, John Engle, and Harold Leonard. 

Local Host Committee: Milton P. Adams, Chairman; Mrs. Milton P. Adams, 
Mr. & Mrs. Frank Kallin, Mr. & Mrs. Harry Thomas, Clark Hathaway, Mr. & 
Mrs. Robert Zumstein, Albert Kunze, Mr. & Mrs. Gerald Remus, Mr. & Mrs. 
Robert J. Peterson, and Mr. & Mrs. Samuel D. Porter. 

Ladies’ Entertainment Committee: Mrs. Harry Thomas, Chairman; Mrs. 
J. E. Cooper, Mrs. Michael Groen, Mrs. George Hubbell, Mrs. Virgil Anderson, 
Mrs. Frederick Burley, Mrs. George Wyllie, and Mrs. Donald M. Pierce. 

Publicity Committee: Carl Walker, Chairman. 
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Reviews and Abstracts 


ireatment of Strong Iron-and CO.-Pro- 
ducing Lignite Mine Wastes. By W. 
RUMMEL, Tech., 7, 5 

May 

The 


from Lausitz proceeds in two steps: 


W asserwirtsch. 
1957). 
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mary and secondary. Theoretical considera 


treatment of lignite mining 


practical 
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it 1 
n lime and sludge storage space against 
treat- 
In spite of the high content of free 
issolved carbon dioxide, only a slight in- 


tions and examples illustrate the 


treatment. In primary treat- 


ment to note the economy 


important 


provided in former methods « 


nent. 


crease in carbonate hardness is shown. 


Secondary treatment is provided in accord 
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of treated 


boiler water treatment, rapid sand 


ance I desired requirements for 
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tion, disinfection, ete. 


Conrap P. Straus 


Effect of Various Methods of Sewage 
Treatment on the Destruction of 
Nematode Ova. By W. DozaNska AND 
I. IWANCZUK. Woda i Te 
31, 6, 214 (June 1957). 
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Agricultural utilization of sew- 


tode eggs. 


age should be carried out under 


or sludge 
great and 


destruction of 


ferably 


direction, after 


the 


1 animal 
t animnais 


care pre 
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to determine the viability of the ova under 
Polish climatic conditions. 


Conrap P. STRAUB 


Quantitative Determination of Volatile 
Acids by Paper Chromatography for 
Application to Sewage Sludge Diges- 
tion. By R. M. MANGANELLI AND F. R. 
Brorazi. Anal. 29, 1441 (1957). 
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R. S. INGous 

Behavior of Cyanates in Polluted Water. 
By J. D. Resnick, W. A. Moore anp M. 
B. Errrxcer. Ind. and Eng. Chem., 50, 


71 (1958). 
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The Disposal of Sewage Sludge. By W. 
Brown. Proc. Inst. Civil Eng. 


(Brit.), 8. 409 (1957). 


The primary considerations in choosing 
an ethod ot 


sludge treatment are those of 
public health and the avoidance of a pub- 


lie nuisance. Anaerobic digestion makes 
sewage sludge less objectionable, easier to 


dewater, and safer, besides providing a 
high calorific fuel gas. 

Economic factors and geographical loca- 
tion play a large part in determining the 
Barging out 
can only be practiced in coastal or 


sludge treatment. 


method of 


to sea 


estuarine towns; lagooning requires large 
areas of disused land close to the sewage 
works; land application is feasible only 
where arable land is close at hand and 
storage facilities are available. 


In British practice sewage sludge is usu- 
in open, under-drained beds, then 
stripped and dumped; covered beds and the 


ally dried 
use of mechanical strippers would improve 
this process. 

sritain de- 


The economic 


position ot 


ands sludge utilization as opposed to 
sludge disposal. 


D. JENKINS 


The Water Pollution Aspect of Refuse 


Disposal. By J. Loncwetn. Proc. Inst. 

( Eng. ( Brit.), 8, 420 (1957). 

A household refuse sample was shown to 
contain about 25 per cent vegetable and 
putres ble matter. Aqueous extracts of 
the refuse produced a liquor which corre- 


sponded to 4.5 lb permanganate value, 0.31 
lb ammonia nitrogen, and 2.2 |b chlorides 
Further 


putrefaction would produce more extract- 


per ton of refuse, respectively. 
able pollution. 


lupurities are extracted from refuse 


when wet tipping is practiced. Anaerobic 
conditions are soon produced and any sul- 
reduced to sulfide; 


fate may be mineral 


salts and bacterial counts also increase. 
Direct access of this polluting effluent to 
an underground water may not cause any- 
thing more than loeal bacterial contamina- 
tion, but 


tion. 


cause limited organic pollu- 
The effects of wet tipping at Egham 
in Great Britain and Krefeld in Germany 
are quoted, 

Mineral salts were found to travel some 
dilution effects were ob- 


distance before 


sery ed 
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Experiments on recharging of ground 
water with a 10 per cent raw sewage (2.4 
x 10° coliform organisms/100 ml) showed 
that no could be detected 
than 100 ft from the recharge well. 

Pilot-seale experiments on dry tipping of 


bacteria more 


household refuse have been carried out at 
Bushey by the Ministry of 
Local Government. 


Housing and 
Bacterial pollution was 
found not to persist after filtration through 
gravel. 

An effluent was produced by the pereo- 
lation of rain water through a dry pit filled 
with refuse. The average percolate was 
35 per cent of the rainfall per year. The 
BOD of the percolate fell from 7,000 to 
The re- 
sults of these pilot-scale experiments must 
be confirmed in 


20 ppm over a period of years. 


natural sites before their 
results are applied in practice. 


D. JENKINS 


BOOKS, REPORTS, 
PAMPHLETS 


Water Quality and Flow Variations in 
the Ohio River, 1951-55. Ohio River 
Valley Water Sanitation Comm., 414 
Walnut St., Cincinnati, Ohio. 112 pp. 
Price, $2.00 (1957). 

A recording of continuous chemical and 
bacteriological network 
of monitor stations on the Ohio River. 


analyses from a 


Water Pollution Research 1956. Dept. 
of Scientific and Industrial Research, 
Her Majesty’s Stat. Off., London, Eng- 
land | 1957). 

The always interesting and informative 
report of the British Water Pollution Re- 
search Board. Available from British In- 
formation Services, 45 Rockefeller Plaza. 
New York 20, N. Y. Price, $0.77 postpaid. 


The Industrial pH Handbook. By 
Tuomas J. Kenor, Beekman Instru- 
ments, Ine., Fullerton, Calif. 80 pp. 


Price, $2.00 (1957). 

A review of industrial pH control sys- 
tems, their principles, application, engi- 
neering, and equipment. 


Underground Corrosion. By MeELvix 
Romanorr, Natl. Bur. of Standards. 
Washington, D. C. Cireular 579, 22 pp. 
Price, $3.00 (1957). 


| 
| 
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Book Reviews 


Aspects of River Pollution. By Lovis 
Kier. Academie Press, Ince., New York 
3, N. Y. Price $14.50 (1957). 

In this book the author, who is now 
Chief Chemist of the Marsey River Board 
(England), records his many observations 
and experiences in the field of surface 
water pollution. Because of his 
approach, it is interesting, useful, and 
valuable to anyone concerned with water 
pollution. The 
ously footnoted to source material in which 
literature published in the United States 
is well represented. 

Chapter headings are: Historical Intro 
duction; Legal Aspects of River Pollution; 
Nature and Effects of Pollution; Causes of 
River Pollution; Uses of River Water; 
Biochemical and Physico-Chemical Aspects 
of River Pollution; Fish and. River Pollu- 
tion; Biological Aspects of River Pollu 
tion; Detection and Measurement of Rive: 
Pollution; Significance and Interpretat on 
of Chemical Tests; Physical Characteristics 
Abatement of Pollution. I. Sew 
age Disposal and Purification. II. Dis 
posal and Treatment of Trade Wastes; 
Standards for Rivers, Effluents, 
and Trade Effluents; and Present and Fu 
ture Status of River Pollution. 

While the entire volume reflects the ap 
pealing technical philosophy of the author, 
the final chapter is a most fitting conelu- 
sion to such a 


bre vad 


entire volume is 


gener- 


of Rivers; 


Sewage 


meritorious work. 
R. E. FunRMAN 


Dangerous Properties of Industrial Ma- 
terials. By N. Irvine Sax. Reinhold 
Publishing Corporation, New York 22, 
N. Y. 1467 pp. Price $22.50 (1957). 
This compendium of information will be 

useful to those concerned with the toxic 

properties of chemical compounds whether 
used in processes or occurring in wastes. 

About 225 pages are devoted to 9 sections 

with the following headings: 

Ventilation Control; Personnel Protection 

and Personal Hygiene; Atmospheric Pol- 

lution; Radiation Hazards; Industrial Fire 

Protection; Storage and Handling of Haz- 

ardous Materials; Reactor Safeguards; 

and Allergic Disease in Industry. 


Toxicole > 


A major section of the book consisting 
of over 1,000 pages gives specifie informa- 
The information 
includes : 
formula, constants, toxie hazard 
rating, fire hazard, explosion hazard, per- 
sonnel protection, 


storage and handling. 


tion on 8,500 materials. 


on each material synonyms, de- 


scription, 
personal hygiene, and 


Shipping regulations applicable to the 
shipping of dangerous materials within the 
United States as prepared by the U. S. 
Interstate Commerce Commission, and made 
effective June 18, 1957, There 
is also included a full index to synonyms 
of the materials mentioned in the book to 
assist the reader in conversion of common 


are given. 


or technical names. 


R. E. FunRMAN 


Elements of Water Supply and Waste- 
Water Disposal. By Gorpon M. Fam 
AND JoHN C. Geyer. John Wiley & 

Ine., New York, N. Y. 615 pp. 
Price $8.95 (1958). 

In this book the authors have 
material from “Water Supply and Waste- 
Water Disposal,” 
1954. For a the previous vol- 
ume, see THs JouRNAL, 26, 12, 1515 (Dee. 
1954). 

The new book is specifically directed to 
the training of undergraduate students of 
civil engineering. It 
phasizes the scientific principles on which 


Sons, 
selected 


which they published in 


review of 


and sanitary em- 
water supply and waste-water disposal are 
based. In addition to the deseription of 
physical systems in general, this book fol- 
lows its predecessor in treating the two 
than 
need for 


rather 
This eliminates the 
duplicate description, discussion, and pres- 
entation of 


parts of the subject jointly 


separately. 
basically similar techniques. 
Should the user desire to follow the classic 
divisions of the subject, the 
listed in the 


applicable 
sections are preface as a 
guide. 

A collection of 175 problems at the end 
of the book gives ample opportunity for 
application of the principles which the 
book presents in a most orderly fashion. 


R. E. FunRMAN 
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GRAVER SYSTEMS 

TREATMENT 

OF COMPLICATED 
PLATING WASTE 
at 


and plated or coated with a 
MARTIN-ORLANDO 


wide variety of materials to 
resist corrosion and guarantee 
dependable performance during 
flight. Many are chrome plated, 
silver plated, anodized, phosphatized, 
pickled, passivated or processed in 
other ways. An unusually large number 
of acid and chemical wastes results, 
including nitric acid, hydrofluoric acid, 
sulfuric acid, caustic and cyanide. 
Handling these wastes is a complex 
problem in itself. 

Martin-Orlando of Florida, builders of 
guided missiles, selected Graver to supply all 
units and auxiliary equipment for a treatment 
plant based on plans and specifications prepared 
by the Architect-Engineers. Graver, working with 
the consulting engineers, fabricated and installed 
a plant which handles this treatment problem simply 
and directly. Four integrated systems effectively treat 
all wastes in the spent baths and rinse. The plant 
is safe, efficient and simple to operate and maintain. 

This installation is only one of the many modern 
plating waste treatment systems Graver has furnished 
for large and small manufacturers in every field. 
Graver supplies all types of equipment, from simple units 
to entire plants and makes available a complete service, 
including research and development, manufacturing and 
installation, when required. Whatever your waste treatment 
requirements, Graver has the modern designs. equipment and 
processes to do the job efficiently . . . economically. Every 
installation is tailored to specific needs. 


e Industrial Waste Treatment Dept. W-520 
GRAVER WATER CONDITIONING CO. 
Division of Union Tank Car Company 
216 West 14th Street, New York 11, N. Y. 


Architects & Engineers: 


WRITE Connell, Pierc 
FOR Garland & Friedman : 

INFORMATION Miami, Florida 
AND 


LITERATURE! 


q 
eee 
¥ 
4 
5 
y 
j 
4 
fs 


SEWAGE AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 14th 
Montana 


Annual Meeting of the 
and Industrial 
Wastes Association was held on March 
20-21, 1958, at the Florence Hotel in 
Missoula, Mont., in conjunction 
the Montana Section, AWWA. 
Papers of particular interest to sew- 
age and industrial 
included the following: 


Sewage 


with 


wastes personnel 


** Sewage Jerome 


Lagoons,’’ by 
Svore, USPHS, Portland, Ore. 
‘Design Construction and Mainte- 
by J. C. 
Conservation Bu- 
reau, Portland Cement Assn., Chicago. 


nance of Sewers,”’ Seever. 


Sanitary Engineer, 


A highlight of the meeting was a 
symposium on pollution abatement 
with Claude W. Eyer, City Engineer, 
Glendive, Mont., presiding. Partici- 
pating were: C. W. Brinck, Director, 
Division of Environmental Sanitation, 
Montana State Board of Health: John 
C, Spindler, Pollution Biologist, State 
Fish and Game Dept.; and John W. 
Hazen, Butte Water Co., 
Anaconda Co. Waste Disposal. 

At the business meeting the follow- 


1958-59 


Manager, 


ing officers were elected for 


Chairman: R. C. Fargo, Havre. 
Vice-Chairman: E. R. Waldo, Billings. 
A. W. 


Necretary-Treasurer: 


Helena 


Clarkson. 


A. W. CLARKSON, 
Necre tary-Tre asurer 
Continued on 


page 


pumps almost everything 


( what will go in will come out ) 


recessed impeller; continuous open passage 
(with downtime virtually eliminated) 


Western Machinery Company 


650 Fifth St. San Francisco, California 
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SEWAGE AND INDUSTRIAL WASTES 


WITH 
AMERICAN-MARIETTA 
Rubber Gasketed Pipe 


ORDINARY 
JOINTS 


A-M 
FLAT-TYPE American-Marietta flat-type 
GASKETS gaskets and longer length pipe 
reduce leakage and provide sav- 
ings through faster installation 

with fewer joints. 
20 For positive control of infil- 
INFILTRATION tration specify AMSEAL (Rubber 
GALLONS/INCH/HR/Mite 2Md Steel Joints) or AMBAND 
(Fiberglass-Resin-Collar Joints). 


AMSEAL* 
or AMBAND 


AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES: 
AMERICAN-MARIETTA BUILDING 
101 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEMALL 4-S600 
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NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Spring Meeting of the New York 


Sewage and Industrial Wastes Assn. 
was held at the Grossinger Hotel, 
Liberty, N. Y., May 26-27, 1958. <A 


total of 187 members and 
cluding 54 ladies, attended. 

At the first technical session a film 
entitled, ‘‘We Have Long 
Way,’ was shown by William L. 
Prinsen, Inc., of Rochester, N. Y. The 
film dealt with tech- 
niques. 

The following technical papers were 
presented : 


guests, in- 


Come a 


sewer cleaning 


‘*Determination of Suspended Solids 
in Sewage Using a Spectrophotometer, ’’ 
by D. F. Krawezyk and N. E. Gong- 
lewski, Associate Chemist and Sanitary 
Chemist, respectively, of the Buffalo 
Sewer Authority. 
Aeration of 


‘*Lagoon 


Wastes,”” by 


SEWAGE AND INDUSTRIAL WASTES 


and W. W. Ecken- 


P r¢ Ts of 


D. J. O'Conner 
felder, Jr., Associate 
Sanitary Engineering, Manhattan Col- 
lege. This was followed by a discus- 
sion by H. E. Orford of the Depart- 
ment of Sanitation, Rutgers Univer- 
sity. 

*‘Cleaning of Outfall 
Coney Island Sewage Treatment Plant, 
New York City,’’ by A. J. Scanlon, 
Chief of the Bureau of Sewage Dis- 
posal Operation, New York City De- 
partment of Public Works. 

**Disposal of Radioactive Wastes at 
Mount Kiseo, N. Y.,’’ by R. M. Me- 
Laughlin, Director of Environmental 
Sanitation, Westchester County Health 
Department. 

The second day’s technical session 


Sewer at 


was given over to a panel discussion 
on ‘‘Operating Problems of Industrial 
Waste Treatment Plants.’ Federa- 
tion President, K. S. Watson of the 
General Electric Co., Schenectady, 


(Continued on page 368a 


sion. 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized"’ for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street 


Los Angeles 54, Calif. 
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ERICA’S F/R ST COMPLETE SERVICE TO 
3 iets SEWAGE TREATMENT INDUSTRY — 


PATENTED 


AMERICA’S FINEST 
FACTORY-BUILLT 
DUPLEX 
SEWAGE PUMP STATION 


Today's finest pump —- Built from the most 
advanced design, by skilled foctory-trained 
using quolity moteriols ond equip- 


Precision assembled, central electrical control 


hove pressurized mechanical seols. ‘Low in 
initio! cost and easy to install. Smith & Loveless 
stations ore designed to provide maximum effi- 

life with a minimum of 


Smith & Loveless offer complete line of send- 
ord size foctory-built lift stations with copaci- 
ties up to 4500 G.P_M. 


Loveless “OXKIGEST” 
SEWAGE TREATMENT PLANT 


A high-quolity, low-cost sewage treatment plant for sub-divisions, 
schools, motels and industrial plonts. The * “Oxigest” plant has been 


coretully without requiring 
the services of skilled operator by PHA. ond State 
Health Departments where submitted 
Built of the finest materials and properly reinforced to to withstand 
interior ond exterior pressures. “Oxigest™ will 
provide a permonent plont with mini 
rotary distributors and other sewage treatment equipment. 


Write for Smith & Loveless “Oxigest” deta manvol 
with design notes, speciticotions, drawings, etc. 


3 Smith & Loveless 
ractoRY-sunt 4 


EJECTOR DUPLEX Preumaric 
ideo! for installations re i EJECTOR STATION 


quiring 200 GPM of 

less. The “Woy-O-Motic Designed Most small sewage 
Ejector procticolly elim ore moe 
inctes ~mointenonce os 

the sewoge does not 

come inte contect with 

ony of the controls. Built 

of finest moterials to pro- 


complete lift stotion Cut 
Gwoy drawing shows 
operating principle 


KANSAS city 15, MO. 


PLANT. LENEXA KANSAS” 


REPRESENTATIVES IN PRINCIPAL CITIES 
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Suntth & Loveless FACTORY-BUILT 
IFT STATIONS AND SEWAGE TREATMENT PLANTS 
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prices. The “Way-o-matic” loveless “Du - O - Ject™ 
moy be ordered cs o inten meets the requirements 
seporete » budge most economically. Cut- 
> Z 4, spoce underground Cutowoy eway drowing shows 
ALL S&L PRODUCTS ARE PERMANENTLY PROTECTED WITH S&L “VERSAPOX" EPOXY COATINGS sad 
ye tes 
MAKERS OF WATER AND SEWAGE TREATMENT EQUIPMENT BERS eas 
; = plete specifications, dimension | 
) Sinith & Loveless. xc. 
Due. all port of the lotest Smith & —==) 
e Loveless lift stotion date 
| write pert. 30D \ 
No obligation. 


SEWAGE AND 


N. Y., acted 


were a. 


Partici- 

Plant 
Ma- 
chines Corp.; Vincent Traina, Sanitary 
Engineer, Republic Steel Corp.; Carl 
G. Mauriello, Plant Operator, Lederle 
Laboratories, American Cyanamid Co. ; 


moderator. 
M. Whalen, 


International 


as 
pating 


Operator, Business 


Thomas Tully, Process Engineer, Gen 
Electric Co.: Frederick E. Ray, 
Supervisor Refinery 
Engineering Div., Socony-Mobile Oil 
Co., Inc.; and Arthur H. Klein, Sani- 
tary Engineer, Wyoming 
Health Department. 

RALPH C. SWEENEY, 


( 


eral 


Process Service. 


County 


Necretary 


NEW JERSEY SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 43rd Annual Meeting of the New 


Jersey Sewage and Industrial Wastes 


INDUSTRIAL 


WASTES 


Atlantic City, N. J.. 


1958. 


more, ; on March 
12-14, Attendance totaled 507. 
The number of industrial wastes men in 
21 1957 


a trend which the As- 


attendance increased from in 
to 47 1958 


sociation is pleased to note. 


in 


One of the highlights of the meeting 
was a Neutralization Symposium. <A 
number of interesting papers were also 
presented, including discussions on the 


basis for state and interstate regula- 
tions on discharge of industrial wastes, 
legal aspects of stream pollution, basic 
data for chemical waste disposal, and 
disposal of cyanide wastes. 

Valley 
Joint Meeting, was the recipient of the 
1957 Bedell for 


service to the Association. 


Louis J. Fontenelli, Rahway 
outstanding 
Anthony J. 
Macri, Superintendent of the Sewage 


Award 


Treatment Plant, Hammonton, received 


the Hatfield Award for outstanding 


Association was held at the Hotel Tray- Continued on page 37 0a 


SEWAGE TREATMENT PLANT ENGINEERS 
(CIVIL SERVICE POSITIONS) 


ting applications té following positions 


Sewage Disposal and Treatment Engineer. Graduate Sanitary Engineer 


Chemical Engineer with six years experience in sewage treatment pla 


/ 


salary $7500 to $8200 year 


ame qualifications as above 


Assistant Sewage Disposal and Treatment Engineer. 5; 


mly with four years experience and age 26 to 45 years; salary $6000 to $6600 year 


time experience 


Chief Sewage Chemist. aduate Chemist witl ears full 


analytical work in sewagt salary $5100 to $0000 year 


and sick le 


incidental 


benefits 
Write 


DET VICE 


ibove - Civil Service with liberal pension, vacatior ave 


All of 
If calle 


d for interview City will pay travel and reasonable expense 


giving education, experience, references personal data to Nashville Civil 


Commission, 305 City Hall, Nashville 3, Tent 


eSSeE 
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WATER, SEWAGE AND TRADE-WASTE 
TREATING EQUIPMENT 


RECTANGULAR CLARIFIERS 


Especially suited for limited spaces or where sludge 

delivery is desired at one end of the tank. A travel- OCC ANS Ce 

ing scraper and skimmer carriage removes settled Slowly rotating paddles on vertical shafts bring 
solids from the tank bottom and scum from the top. the small flocs into contact to form larger masses 


and hasten precipitation. 


CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes 
up to 200’ diameter, either center-column or beam 


supported for steel, concrete, wood or tile coe. —— 
Sludge scrapers remove settled solids rapidly “3 
through central underflow discharge. “AUTO-RAISE” THICKENERS 


For removal of fine suspended solids from supply 
water, waste water and sewage. “Auto-Raise” 
mechanism prevents scraper a. Manua! 
or power raise supplements “Auto-Raise.” Re- 
placeable ring-type ball bearing support for rotat- 
ing mechanism. Spiral rakes for maximum under- 
flow density. 


HYDRO-CLASSIFIERS 


A large-volume classifier for rapid separation of 
coarse and fine suspended solids. Frequently used 
for by-product recovery from waste water. 


AUTOMATIC BACKWASH FILTERS 


DIGESTERS 
For high removal of non-settling or slow settling 
suspended matter. Self-cleaning sand bed. No Sludge scrapers and scum breaker arms prevent 
shut-down necessary for backwashing. Traveling scum accumulation, insure uniform gas sredantion. 
backwash mechanism. Emit a dense digested sludge. 


Write for Bulletin 35-D-16 


HARDINGE 


COMPANY, INCORPORATED 


YORK. PENNSYLVANIA . 240 Arch St. : Main Olfice and Works 
New York - Toronto Chicago Hibbing Houston Salt Loke City - Sam Francisco 
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performance in the operations field. 
The following officers were elected : 

President: Andrew Palmer, Dunellen. 

Ist Vice-President: Robert J. 
Boonton. 

2nd Vice-President: Michael 8. Kachor- 
sky, Manville. 


Budrick, 


Treasurer: Henry Van Der Vliet, 


Rutherford. 
Secretary: Anthony T. 
Trenton. 


Leahy, West 


SEWAGE AND INDUSTRIAL WASTES 


Chairman: Nall Forrest 
City. 

Vice-Chairman: Marion Ulmer, Jones- 
boro. 

FSIWA Director: M. L. Wood, Little 
Rock. 

Secretary-Treasurer: C. W. 
Fayetteville. 


Brantley, 


Oxford. 


W. Oxrorp 
Secretary-Treasurer 


KANSAS SEWAGE AND 


INDUSTRIAL WASTES 
ASSOCIATION 


The Kansas Sewage and Industrial 
Wastes Association held its 13th An- 
nual Joint Meeting with the Kansas 
Section AWWA, at the Lamar Hotel, 
Salina, Kans., March 12—14, 1958. Of 
the total registration of 233, approxi- 
mately 80 represented the Sewage and 
Industrial Wastes Section. 

A highlight of the meeting was the 
panel discussion on ‘‘Sewage Treat- 


T. Leany, 
Secretary 


ANTHONY 


ARKANSAS WATER AND 
SEWAGE CONFERENCE 


The 27th Annual Meeting of the 
Arkansas Water and Sewage Confer- 
ence was held at the University of 
Arkansas, Fayetteville, Ark., March 
24-26. 1958. There 216 regis- 
trants, a new record for Fayetteville. 

Officers for 1958-59 are: 


were 


Continued on page 372a) 


CEN-VI-RO PIPE 
TAKES TO THE AIR 


CEN-VI-RO Concrete Pipe provides 
economical installation on piers. 

Either above or below ground, CEN- 
VI-RO pipe protects against leaks 
or infiltration. 


The CEN-VI-RO process develops high 


density concrete with low absorption. 


Twelve-foot lengths, with joints sealed 


by “O”-ring rubber gaskets, make in- 
stallation costs lower. 


GRAY CONCRETE PIPE 
COMPANY, INC. 


Thomasville, N. C. 
Wilson, N. C. 


Arlington, Va. 
Baltimore, Md. 
Hagerstown, Md. 
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FIVE REASONS WHY 


‘more ins 


tallations use 


ALOXITE® diffusers” 


“than all” 


Since the discovery of the activated sludge 
process (in 1915) only one diffuser material 
has stood the test of time. Only porous ceramic 
diffusers have been used with continued suc- 
cess. And more installations have been made 
with ALOXITE® aluminum oxide diffusers than 
all other makes combined. Hundreds are in 
operation—many after over 20 years’ service. 
Here are 5 reasons why: 

1. A highly uniform grain structure in ALOXITE 
diffuser plates and tubes assures a uniform, 
small-bubble diffusion. That means optimum 
oxygen absorption. 

2. ALOXITE diffusers have a relatively smooth 
surface. This fact, coupled with the glass-like 
ceramic bond that coats each grain, minimizes 
pressure loss and clogging. 

3. ALOXITE diffusers never lose their corro- 
sion resistance. 


4. ALOXITE diffuser plates and tubes are adapt- 
able to virtually every cleaning method. 


5. ALOXITE diffusers have great strength and 
ruggedness for long life. 


ALOXITE diffusers are available in plate or 
tube form, and in a full variety of grades. This 
permits maximum flexibility of design. It also 
lets you select the exact grade for a given func- 
tion (consistent with air supply quality, pres- 
sure loss characteristics, and over-all life). This 
is particularly important since the introduction 
of the oxygen absorption test. 


ANSWER ALL YOUR QUESTIONS 
about porous media with this 
up-to-date 56-page booklet. 


CARBORUNDUM 


Trade Mark 
Write to: The Carborundum Company, Refractories Division, Perth Amboy, New Jersey. 
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SEWAGE 


ment Plant Design, Maintenance, and 
Operation.’’ This discussion was mod- 
erated by Gordon Mau, Ediger Engi- 
neering Co., Wichita. 
Dean Bolick, F. O. Doty and 
Pittsburg, and John Glidewell, 
Sewage Treatment Plant, Topeka. 
The included in- 
teresting papers on the following sub 


Participating 
were: 
Sons, 


technical sessions 


jects: gas recirculation for seum con- 


trol in digestors, conditioning of boiler 
water, bearings and their lubrication, 
and preparation and painting of sur- 


faces In sewage plants. 
Officers elected for 1958-59 were: 


Chairman: Stanley W. Smith, Salina. 
Moffatt, 


Ist Vice-Chairman: W. K. 
Chanute. 

2nd Vice-Chairman: Chester L. 
Hutchinson. 


Secretary-Treasurer: James F. Aiken, 


Jr., Wichita. 
JAMES F. AIKEN, JR. 
Necre tary-Tre asurer 


i roble 
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CALIFORNIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 30th Annual Conference of the 
California Industrial 
Wastes held at the 
Hotel Stockton, Stockton, Calif., April 
23-26, 1958. The North San Joaquin 
Section of the 


Sewage and 


Association was 


California Association 
was host at this meeting which was at- 
tended by 410 members and guests. 


The 


Lalanced and generally excellent. 


well 
Full 


made of the 


technical program Was 


and effective use was 
breakfast session plan and four such 
sessions were held. 

The Bedell Award was presented to 


A. A. Appel of Los 


traordinary 


Angeles for ex- 
service to the 
The Hatfield 


sewave rks 


personal 
California Association. 


Award for outstanding 


Continue d on page vi ia 


specialists 


* Sewer Rods 


* Sewer and Pipe Cleaning Equipment 


* Sectional Steel Rods 
* Complete Sewer Cleaning Machines 
* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. sox 267, syracuse, 


st 
? 
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MILLION-YEAR-OLD WONDER CHEMICAL 
HELPS 


Bituminized Fibre Pipe 
Exceed Federal Specifications $S$-P-356 


From bituminous coal, formed by Nature millions of years ago, 
comes coal tar pitch—one of the wonder chemicals of today. On all 
types of outdoor structures, roads, roofs—wherever successful water 
and corrosion resistance is a must—there coal tar pitch has proved 
its lasting effectiveness 
Bermico, the tough cellulose fibre pipe, for house-to-septic tank 
or séwer connections, is thoroughly impregnated with coal tar pitch. 
It exceeds Federal Government performance requirements for Water 
Absorption — Crushing Strength—Chemical and Kerosene Resistance — 
Hot Water Resistance— Heat Resistance — Resistance to Flattening — 
Beam Strength. 
That's why more and more code authorities throughout the coun- 
try are including Bermico bituminized fibre pipe in their codes. 
Inquire about new full-color movie: ‘Modern Pipe 
For Modern Living.” Write Dept. JB-9, Brown Com- 
pany, 150 Causeway St., Boston 14, Mass. (Mills: 
Berlin, N. H.; Corvallis, Ore 


Speed up installation with: 


BERMICO’ 


house to sewer or septic tank 


BERMISEPTIC™ 


for septic tank disposal fields 
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operation reports went to E. O. Samp- 
son of Oceanside. FSIWA President 
Kenneth S. Watson made the presenta- 
tion, 

Officers elected for 1957-58 were: 


President: Robert D. 
Angeles. 

Ist Vice-President: P. H. McGauhey, 
Richmond. 

2nd Vice-President: D. 
San Diego. 

FSIWA Director (1961): 
Hunt, Los Angeles. 

Secretary-Treasurer: Alfred D. Leip- 
zig, Venice. 


Bargman, Los 


A. O'Leary, 


Harvey H. 


ALFRED D. LeErpzia. 
Secretary-Treasurer 


VIRGINIA INDUSTRIAL 
WASTES AND SEWAGE 
WORKS ASSOCIATION 
The 12th Annual Meeting of the Vir- 
ginia Industrial Wastes and Sewage 
age Works Association was held at the 


It will guard your investment with its life 
many times, NacLe Pumps are designed 
abusive service, 
liquids, sewage sludge or heavy slurries. 
types in complete range of sizes. 


Type “SW-O” shown, is directly submerged in material to be pumped. 


Free of packing and bearing troubles. 


in important processing and sew age treatment 


CENTER AVE 


& 


th 
PUMPS FOR ABRASIVE AND 


Outlasting ordinary pumps 
and constructed to withstand 
such as pumping highly abrasive mixtures, corrosive 
Horizontal and vertical shaft 


Rendering outstanding service 
plants, mines and mills. 


One of many NAGLE SEWAGE PUMPS shown in CATALOG 5206. 


SALES REPRESENTATIVES IN MAJOR CITIES 


~ MAGLE PUMPS, INC. 


, CHICAGO HEIGHTS, 


CORROSIVE 


SEWAGE AND INDUSTRIAL WASTES 


Hotel Roanoke, Roanoke, Va., April 
28-29, 1958. A total of 138 members 
and guests attended. 

The technical program was well 
balanced and excellent papers were pre- 
sented in both sewage and industrial 
wastes areas of interest. The panel 
discussion on digester operation was 
one of the highlights of the meeting. 

FSIWA Vice-President William D. 
Hatfield represented the Federation 
Headquarters and spoke on plant oper- 
ation in the 
wastes. 

At the business meeting the follow- 
ing officers were elected for 1958-59 : 


presence of industrial 


President: Edward H. Ruehl. Rich- 
mond. 

Vice-President: A. H. Paessler. Rich- 
mond. 


Secretary-Treasurer: Orval J. 


Hopewell. 


Hand. 


OrvaL J. Hann, 
Secretary-Treasurer 


APPLICATIONS 
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SEWAGE AND INDUSTRIAL WASTES 


PRIENDLIES 


TOWN", VALLEY 


144 


It’s too bad visitors leave with their noses in the air. Actually, though, it’s the people 
you live with the year-round whom you should be concerned about. 
Sure, obnoxious sewage odors are nothing new to lots of people. But it’s easy to get 
into a complacent rut about how intensely people feel about foul odors. 
It’s equally easy to get rid of foul sewage odors before popular clamor gets too 
thick. ALAMASK® odor-neutralizing chemicals prevent the obnoxious 
odors of sewage disposal plants, and do it better, easier and at less cost 
than other methods. We can prove this to you by giving your sewage 
disposal plant a free odor-control survey. Take us up on this offer 
Call or write us now. Technical literature available, of course. 


al ik, for tial industries with non-essential odors. 


60 East 56th Street, New York 22, N. ¥. (Phone: Plaza 3-4850) 
Representatives in: Philadelphia * Cincinnati * Chicago 
Leos Angeles * Denver * Montreal * Mexico City 
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FEDERATION OF SEWAGE AND 
INDUSTRIAL WASTES ASSOCIATIONS 


HOST ASSOCIATION—THE MICHIGAN SEWAGE AND 
INDUSTRIAL WASTES ASSOCIATION 


SHERATON-CADILLAC HOTEL OCTOBER 6-9, 1958 


DETROIT, MICHIGAN 
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SEWAGE AND INDUSTRIAL WASTES 


NEW VISTAS 


uring this past year we have continued to manufacture and 
place in operation Coilfilter installations at the same heavy 
pace as for the previous 4 years. 


As in 1957 a large percentage of this work is repeat order business; 
Consulting Engineers who have used our equipment have come 
to realize the performance that is built into the Coilfilter design 


and the high caliber of service rendered by our field crews. 


\s far as research is concerned most of this has been of a practical 
nature in inquiring further into the possible advantages, and 


drawbacks, of fresh solids dewatering. Actual operating experi- 


ence in the field has been very good and the question of patho- 


genicity has been largely resolved. Material on this phase of our 
work will be reported in Technical Publications and promises to 


be the next big advance in the practice of Sanitary Engineering. 


We are pleased to know that the auxiliary equipment developed 
by us through the years, involving mainly the chemical feeders 
and sludge pumps, are operating with complete satisfaction in 
numerous installations. This phase of our activity has gener- 
ated more confidence among Engineers in mechanical sludge 


Gewatering. 


Again we wish to express our appreciation to the Sanitary Field 
for the work we have been permitted to do during this most 


successful vear. 


\s far as the future is concerned, it would appear that there is 


plenty of work for those who lead. 
Respectfully, 
T. R. Komline 


KOMLINE-SANDERSON 
ENGINEERING CORPORATION 
MANUFACTURERS OF THE COILFILTER 


PEAPACK, NEW JERSEY 
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378a SEWAGE AND INDUSTRIAL WASTES 


Equipment and Supply Lines 


Controlled Volume Pumps—A com- 
plete line of motor-driven controlled 
volume pumps is described in the 32- 
page Bulletin No. 553-1. These posi- 
tive displacement pumps are designed 
for precise metering and pumping of 
corrosive liquids against pressure. 
Useful data and charts are included. 
Milton Roy Co., 1300 East Mermaid 
Lane, Philadelphia 18, Pa. 

Polyvinyl Chloride Pipe—A com- 
prehensive 30-page catalog, prepared 
for the design engineer, is now avail- 
able on the characteristics of polyvinyl 
chloride pipe (PVC).—A. M. Byers 
Co., Pittsburgh 22, Pa. 

Sluice Gates—TIllustrated 4-page 
3ulletin G-12457 describes a complete 
line of sluice gates for water and sew- 
age flow control—Armeo Drainage and 
Metal Products, Inc., Middletown, Ohio. 

Chlorinator—A new V-notch chlo- 
rinator with capacity up to 8,000 lb per 
24 hr is described in recent releases on 
Series A-721 chlorinating equipment. 
Wallace and Tiernan Ine., 25 Main St., 
Belleville 9, N. J. 

Agitator Blades—Light-weight plas- 
tic agitator blades for corrosion-resist- 
ant service are described in current 
releases—Haveg Industries, Inec., 900 
Greenbank Rd., Wilmington 8, Del 

Audio-Tone Control Systems—Bul- 
letin 240-P4 details data on transistor- 
ized audio-tone transmission systems 
for telemetering and control.—Build- 
ers-Providence, Inc., 345 Harris Ave., 
Providence, R. I. 

Sewer Cleaning Equipment—Recent 
releases describe types and application 
of sewer cleaning equipment.—Cham- 
pion Corp., Hammond, Ind. 

Comminutors—<A selection and ap- 
plication handbook on comminutors has 
been prepared to include considerable 
data on performance and hydraulic 
eurves.— Worthington Corp., Harrison, 


N. J. 


Cast Iron Pipe—A new catalog on 
the American Molox ball joint cast iron 
pipe is currently available. Illustrative 
material on assembly, weight, and di- 
mensions is included.—American Cast 
Iron Pipe Co., P. O. Box 2603, Bir- 
mingham 2, Ala. 

Slurry Feeder — Publication No. 
TP-10-M describes a self-contained unit 
for accurate dependable feeding of con- 
centrated slurries.—Wallace and Tier- 
nan, Ine., 25 Main St., Belleville 9, 
N. J. 

Prefabricated Liner — Information 
is available on a heavy duty asphalt 
mastic sheet for positive water con- 
taminant in reservoirs, lagoons, canals, 
ete. The asphalt-saturated felt liners 
are said to be tough and easily handled 
Thickness is 14 to 1% in., width is 4 
ft. — Presstite-Keystone Engineering 
Products Co., 39th and Couteau Streets, 
St. Louis, Mo. 

Concrete Pressure Pipe—An attrac 
tively illustrated booklet presenting the 
story of concrete pressure pipe (use and 
design) is available-——Price Brothers 
Co., 1952 East Monument Ave., Dayton 
Ohio. 

Spectroscope—-Bulletin FS-258 de- 
scribes a sensitive and versatile moder- 
ately-priced instrument for spectro- 
analysis—Fisher Scientific Co.. 717 
Forbes St., Pittsburgh 19, Pa 

Blower-Compressor — The ‘‘Cyclo- 
Blower,’’ an axial-flow, positive dis- 
placement blower for compression and 
vacuum service, is described in Bulle- 
tin CB-157. Cyclo/Blower Co., York, 
Pa. 

Grit Handling—A 28-page illus- 
trated, tab indexed booklet contains 
design data on seven types of grit 
collectors, two grit washers, and a 
combination grit collector and me- 
chanical sereen.—Book 2571, Link- 
Belt Co., Dept. PR, Prudential Plaza, 
Chieago 1, Ill. 
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ANDERSON-NICHOLS JOHN J. BAFFA 
ompany Consulting Engineer 
Sewerage & Sewage Treatment 
Consulting Engineers Industrial Wastes Treatment 
Water Supply, Distribution and Treatment, In- Design Plans & Specifications 
dustrial Waste Treatment, Sewage Collection and Investiontions & Rate Stud 
Disposal, Refuse Collection and Disposal, Drain- 
aan, end 73 West Street New York 6, N. Y. 
Concord, N. H. Boston 14 Baltimore, Md. 
MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 
Consulting Engineers ~ 
Civil Engineers, Planners, and Surveyors Civil and Sanitary Engineers 
Municipal Engineers— Airport Dengn—Sewage Disposal Water Supplies Water Treatment 
and Operation —Surveys Sewer Systems Sewage Treatment 
Investigations 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 166 Crystal Lake, Ilinols 
THOMAS W. BEAK HOWARD K. BELL 
Consulting Biologist Consulting Engineers 
G. 8. Bet C. G. Garrner J. K. Larnam 
Pollution Studies J. W. Posner, Jr. 
Stream and Lake Surveys 
soe Sewerage Water Works 
Sewage Treatment Water Purification 
Biological and Chemica! Analyses Refuse Disposal Swimming Pools 
v Amherst View, Collins Bay, Kingston, Industrial Wastes 
Ontario, Canada 553 S. LIMESTONE ST., LEXINGTON, KY. 


SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 386a) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 


CONSULTING ENGINEERS Engineers 
Charles B. Burdick Louis R. Howson 
Water. Sewage, Industrial Wastes and Incineration Problems Donald H. Maxwell 
City Planning, Highways Bridges and Alrports Water Works, Water Purification, 
ms, Flood Control, Industria! Buildings Flood Relief. Sewerage, Sewage 
Investigations, Reports, Appraisals and Rates Disposal, Drainage, Appraisals, 
THREE PENN CENTER PLAZA Power Generation 
PHILADELPHIA 2, PA. Civie Opera Building Chicago 


BIOLOGICAL CONSULTANTS 
D. J. Reish 4. L. Barnard G. F. Jones 
Marine and Freshwater Biological Surocys 


BETZ LABORATORIES, INC. 


Consulting Engineers 


Industrial Waste Pollution Studies—effects of sewage and 
: arine fouling and wood borer studies, 
Analysis A Design Bioassays and toxicity tests, 
Investigations Operation . . General economic oceanography. 
Gillingham & Worth Sts. Philadelphia 24, Pa. “71 Campus Rd., Los Angeles 42, California 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

CLINTON L, BoGERT Frep 8S. CHILDS 

IvaAN L. BOGERT DONALD M. DITMARS 

Rosert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 

Drainage 

Highways and Bridges 


Refuse Disposal 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewage and Water Works—Ind 
Wastes—Refuse Disposal—Mun 
Projects—Industrial Buildings 
Plans—Specifications—Super 
Construction and Operation 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE-INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. mote AND ASSOCIATES 


8. W. Kuhner 
C. R. Martin 
W. H. Kuhn 


Consulting Engineers 
- Sewage - Industrial Wastes - Power 
Reports Designs, Construction 
sit nvestigations, 
oratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 


the most complete Directory 
avi vail: ible of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-Incineration—Gas Systems 
Valuations—Rates—-Management 
Laboratory 


601 Suismen St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 


Commercial 


220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
tro! & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. 


Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charlies B. Wurtz 
Freshwater and Marine Pollution Surveys 
Biological Surveys of Sewage and 
Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bidg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Engineers and 
Swreeyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, Incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Sanitary and 
draulic 
ngineer 


ROY B. EVERSON 


Sewage and industrial wastes treatment, city 

water purification, and complete swimming pool 

systems—Filtration Experience since 1900 
Valuations— Reports— Research— Development 


207 W. Huron St., Chicago 10, Ill. 
SUpertor 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 


ENGINEERS 


Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 


Port and Terminal Works—Industrial Bldgs. 


BOSTON, MASSACHUSETTS 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


Carterton 8. Finxserner E. Perris 
K. Srrovt 


Consulting Engineers 
Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 


Industrial and Municipal Engineering— 
Water Supply and Purification—-Sewerage 
and Industrial Waste Treatment—High 
Ways and Structures—-Dams—Drainage 
Works— Airports—Investigations—Valua 
tion—Design and Supervision 


FROMHERZ ENGINEERS 


Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
indations 
t Disposal 
Investigations ; eaten Plans and 
Specifications; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industria! Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fia. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944 
Paul E. Lan = Kenneth V. Hill 
Thomas M Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


FRANK E, HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
be ater Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municiy al mprovements ywwn Planning 
Surveys 
Design, Supervision and Operation 


260 Godwin Avenue Wyckoff, N. J. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes. Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 


A. A. Burger 
Harry H. Moseley J. W. Avery 
Frank S. Palocsay Edward S. Ordway 
Frank C. Tolles, Consultant 


C. Lei. 


Water, Seweracke, Garsace, INDUSTRIAL 
Wastes, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland M, O. New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 

Avernep W. Sawren 
. E. Hupson, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 
New York 17, N. ¥. 


Ricearp Hazen 
H 


3333 Book Building 
Detroit 26, Mich. 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 


Consulting Engimeers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consalting Engineers 
W. W. Horner E. E. Bioss 
C. Liscner 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Bullding, St. Louls 3, Missouri 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


INDUSTRIAL WASTE DISPOSAL CORPORATION 
Consultants 
Oceanographers — Chemists — E: 


ngin 


Deep Sea Disposal 
Plant Site and Outfall Surveys 


Biological and Chemical Analyses 
Research — Waste Treatment 
Pollution 
Drawer 150 Baytown, Texas 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Planning—Design—Research—Water 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 


20 Point Crescent, Whitestone 57, N. ¥. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


The Jennings - Lawrence Co. 
DIRECTORY OF Civil and Municipal Engineers 
ENGINEERS 


Consultants 
Water Supply, Treatment & Distrit 
Sewers & Sewage 


ports— Design 
1392 King Ave. 


ition 
Treatment 
Re 


Construction 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS ONLY $66 PER YEAR 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 
Security Bldg. 


fess 


ya] 


Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
E. B. BESSELIEVRE, MGR Water S . 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. 


und Purif 
Sewage tment 


Disposa 
Toledo 1, Ohio 


i Inciz 


TROY, NEW YORK 
ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE 


MORRIS KNOWLES Inc 
ENGINEERING SERVICE Engineers 
Investigations, Reports, Design 
Supervision of Construction and irification, Sewer 
Operatior l, Valuations, 
‘ Sewage Treatment and . ‘ity Planning 
Industrial Waste Disposal 
Chemical and Bi , 1312 Park Bidg. 
SAN FRANCISCO 5 


logical Laboratory 
604 MISSION ST., 


Pittsburgh 22, Pa 


KOEBIG AND KOEBIG sanitary LANNING 
Consulting Engineers Since 1910 — Co., inc 
Consulting Engineers 
Investigations, Reports, Designs 
Water 
Sewerage & Sewage Treatment 
Water § r Treatmer 


wage, Drainage, and Ind 
ipply & Wate en Report 
Mu pal Engineering 


nit 


3242 West 8th Street, Los Angeles 5, Calif. 


ical Laboratory 
1100 South Broad St. 


Trenton, N. J. 


Wm. S. Lozier Co. GEORGE B. MEBUS, Inc. 
Consulting Engineers 

Sewerage, Sewage Disposal, 

Water Supply, Water Puri- 


fication, Refuse Disposal 
10 Gibbs Street 


Consulting Engineers 
Water 


ipply 


Sewage Treatment 
Industrial Waste Treatment 


Rochester, 4, N. Y. 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND 


INDUSTRIAL WASTES 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 

Airports 


Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural Power Transportation 


165 Broadway New York 6, N.Y. 


E. C. PATTEE 
Chemical Engineer 


Consulting, Surveys, Development & 
Design for Stream Pollution, Waste Recovery 
& Chemical Processing 


3510 Section Road, Cincinnati 37, Ohio 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
Cc ltemg, Designing, and Supervising Engmeers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, H.C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Cari A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design ; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Lovis C. McCase, Pres 


4435 Wisconsin Ave. Washington 16, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for (hemical and Bacteriological 
Analyses 


369 BE. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 

O. J. Rippce V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 

Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


Robert and Company 
Associates 
Engineering Division 


ATLANTA 


Water Supply - - - - - - - Incinerators 
Sewage Dispose! - - - - - - Power Plants 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All vps of 
Municipal Public Works & 
Utilities 
Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicage 4, Illinois 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. Freeport, N.¥. 


J. STEPHEN WATKINS 
J. 8. Warxins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

jastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


They won't be YOURS with 
“SeweRodeR maintenance”. 


What caused these headaches? It 
could be roots or sewer gas at- 
tacking the pipe and joints... or 
excessive head pressure on the pipe 
due to water filled manholes. 


A clean “free flowing” sewer will 
help eliminate these headaches. The 
SeweRodeR’s cleaning capacity of 
50’ per minute or 3,000’ per day 
will clean those lines, and protect 
your city’s investment. 


Ask for demonstration...no obli- 
gation. 


1005 SPENCERVILLE ROAD, LIMA, OHIO 
351 W. JEFFERSON BLVD., DALLAS, TEXAS 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
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the premium pipe with the 
Flexible or 


LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


The ‘Flexible Joint’’ gasket permits ample defiec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” anc upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hortford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklchoma 
Oklahoma City, Okichoma 
Wichita, Kansas 

Denver, Colorado 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumceri, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Coraces, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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WALLACE & TIERNAN O-R-P SYSTEM... 


the sure way to treat poisonous plating wastes 


The destruction of cyanides with alkaline chlorination is a con- 
trolled certainty. A W&T Oxidation-Reduction Potential (O-R-P) 
system, automatically controls waste treatment and records the 
results. 


Why use an automatic system? Because there is no overfeeding 
of chemical; no uncertainty of effluent safety. An O-R-P system 
samples the treated waste, controls the feeding of the treatment 
chemicals and records the effectiveness of the treating process. 

That’s why the sure way of treating your industrial waste effec- 
tively is with an O-R-P controlling and recording system. To get 
the O-R-P story and learn how it works in a major industrial 
plant, write for Bulletin I-63.84. 


WALLACE & TIERNAN INCORPORATED 
Ss 25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 


LANCASTER, PA 


i 
} 
; The best know the results of your industria! woste treatment is to 
: hove Qu record. The kind you cet with a W&T O-R-P system 
NCASTER PRESS, INC., 


